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Pharmaceutical compositions comprising tacrolimus and/or an analogue thereof 
Field of the Invention 

The present invention relates to pharmaceutical compositions In particulate form or in 
5 solid dosage forms comprising tacrolimus and/or a derivative or an analogue thereof. 
Compositions of tho Invention exhibit markedly increased bioavailability of tacrolimus 
and/or an analogue thereof compared to commercially available solid dosage forms 
containing tacrolimus. The pharmaceutical compositions of the invention are designed to 
release tacrolimus In a controlled manner so that the plasma levels stays within the 

10 narrow therapeutic window that exist for this ciass of substances. An extended release 
profile, where the peak concentration has been reduced without loosing significant 
bioavailability, together with less variable absorption. Is expected to improve the 
safety/efficacy ratio of the drug. Furthermore, compositions according to the Invention 
provide for a significant reduced food effect 

15 In particular the invention relates to solid pharmaceutical compositions for oral 
administration comprising tacrolimus at feast partly dissolved in a solid carrier. 
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Tacrolimus appears in the form of white crystals or crystalline powder. It Is practically 
•nsoluwe m water, freely soluble in ethanol and vary soluble in methanol and chloroform 
Tha preparation of tacrolimus Is described in EP-A-0 184 162 and analogues of tacrolimus 
are disclosed e.g. In EP-A-0 444 659 and US 8.387.918. which is hereby incorporated by 
reference. 7 



10 



15 



20 



Tacrolimus is a macrollde compound with useful immunosuppressive activity 
antimicrobial activity and other pharmacological activities and Is of value for the treatment 
or prevention of rejection reactions by transplantation of organs or tissues, graft versus 
host diseases, autoimmune diseases and infectious diseases. 

Tacrolimus prolongs the survival of the host and transplanted graft In animal transplant 
models of fiver, Wdney, heart, bone marrow and smaH bowel and pancreas, fung and 
trachea, skin, cornea and limb. 

In animate, tacrolimus has been demonstrated to suppress some humoral Immunity and 
to a greater extent, cell-mediated reactions such as allograft rejection, delayed type 
hypersensitivity, collagen-induced arthritis, experimental allergic encephalomyelitis and 
grsft-vereue-host disease. 



Tacrolimus Inhibits T-Iymphocyte activation, although the exact mechanism of action Is not 
known. Experimental evidence suggest that tacrolimus binds to an Intracellular protein 
FKBP-12. A complex of 1acrolimus-FKBP.12. caldum. calmodulin, and calcineurfn Is then 
formed and the phosphatase activity of calcineurfn inhibited. This effect may prevent the 
dephosphorylation and translocation of nuclear factor of activated T-cells. a nuclear 
component thought to Initiate gene transcription for the formation of lymphoklnes. The net 
result Is the inhibition of T-tymphocyte activation. I.e. Immunosupresston. 

A commercially available tacroBmus-contalning product is Prograf©. Prograf® is Indicated 
for the prophylaxis of organ rejection In patients receiving allogeneic liver or kidney 
transplants. 



30 



Usually tacrolimus Is administered orally and ie therefore absorbed from the 
gastrointestinal tract It has been observed that the absorption Is negatively Influenced by 
35 the simultaneous ingestion of food. Thus, the rate and extent of tacrolimus absorption 
were greatest under fasted conditions. 
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In general, it is known that the absorption and bioavailability of a therapeutically active 
substance can be affected by a variety of factors when administered orally. Such factors 
include the presence of food in the gastrointestinal tract and, In general, the gastric 
residence time of a drug substance is significantly longer In the presence of food than In 
5 the tasted state. If the bioavailability of a drug substance is affected beyond a certain point 
due to the presence of food In the gastrointestinal tract, the drug substance is said to 
exhibit a food effect Food effects are Important because absorption and hence the 
plasma levels becomes highly variable depending on food intake. Absorption into the 
bloodstream may be adversely affected to the point that the patient risks Insufficient 
1 0 absorption to remedy the condition for which the drug was administered. On the other 
hand, the very high peak concentrations seen at fasted conditions occasionally, may very 
well Induce significant side effects, of nephro- or neuro-toxlc origin, as well as Gl side- 
effects and others. 

15 Frequently observed side effects are vomiting and nausea but side effects like tremor, 
headache, hypertension, renal dysfunction, hyperkalemia, hypomagnesaemia, 
hyperglycemia, Insomnia, diarrhea, constipation, abdominal pain, nephrotoxicity and 
neurotoxicity are also observed. 

20 Absorption of tacrolimus from the gastrointestinal tract after oral administration Is rapid 
with a mean time-to -peak concentration (WJ of approximately 1-2 hours after 
administration to healthy subjects or kidney or liver transplanted patients, but incomplete 
and variable. The bioavailability is generally as low as at the most about 20% after oral 
administration. 

25 

Tacrolimus is a substrate for both cytochrome P450 IIIA4 (CYP3A4) and P-grycopreteln. 
Tacrolimus Is extensively metabolized by O-demethylation and/or hydroxylases Eight 
major metabolites have been proposed. Demethylatlon and hydroxyiation were Identified 
as the primary mechanisms of biotransformation. The major metabolite identified In 
30 Incubations with human liver microsomes Is 13-demethyi tacrolimus. In in vitro studies, a 
31-demethyl metabolite has been reported to have the same activity as tacrolimus. 

Tacrolimus is extensively metabolized by the CYP3A4 Isoenzyme in the gut wall and liver. 
Therefore, drugs that affect this isoenzyme may influence absorption and the subsequent 
35 elimination of systemlcally absorbed tacrolimus. Inhibitors of CYP3M may Increase 
tacrolimus levels, while Inducers of CYP3A4 may increase the metabolism of tacrolimus 
and decrease tacrolimus levels. Accordingly, tacrolimus may be administered together 
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with one or more CYP3A4 inhibitors In order to Improve the overall bioavailability. 

For oral administration, tacrolimus is currently formulated and marketed as soft gelatine 
capsules comprising the equivalent of 0.5, 1 or 5 mg anhydrous tacrolimus and marketed 
5 under the trade name Prograf© and Protropic®. The recommended Initial oral dose Is 
from about 0.1 - 0.2 mg/kg/day in patients. The dose alms at a certain trough plasma level 
from about 5 to about 20 ng/mf. 

There remains a need for new pharmaceutical compositions comprising tacrolimus 
10 exhibiting, a reproducible, controlled release of the drug with plasma levels which can stay 
within the narrow therapeutic window (see Fig. 1) for an extended period of time, without 
loosing significant bioavailability. A reduction in food effect to help ensure, that plasma 
levels stays within the desired values. 

15 Further, pharmaceutical compositions comprising tacrolimus and exhibiting a reproducible 
(Le. less variable compared to that of PrograflS)) extended release profile of this compound 
may allow a reduction in the dosage units taken by a patient, e.g. down to a single dose 
dairy, and may also reduc© or negate the need for food to be takes simultaneously with 
the dosage form thereby allowing patients more freedom on when the drug is taken. 

20 Furthermore, It Is contemplated that fluctuations In the plasms concentration versus time 
profile may be significantly reduced. 

Delaying the release of tacrolimus to the distal part of duodenum may reduce the drug 
related gastro-intestinal related side effects and the relatively high degree of metabolism 
25 in the proximal part of the gastrointestinal tract (CYP3A4 and P-glycoproteln mediated 
metabolism). Owing to the compositions/technology, this is done without loosing systemic 
bioavailability. 

Description of the invention 

30 As mentioned above, there Is a need for developing pharmaceutical tacrollmus-containing 
compositions notably for oral use that lead to an Improved treatment of conditions with 
tacrolimus. An improved release profile, which can ensure significant lower Cma*. but still 
good bioavailability, as well as an extended release of drug staying within the therapeutic 
plasma levels for up to 24 hours after administration. A further therapeutic Improvement of 

35 the Invention is the reduction In food effect, which together with the improved absorption 
should give more reproducible plasma levels. The therapeutic improvements of the 
invention will clearly improve the ratio between side effects and efficacy. 
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Moreover, it has surprisingly been found that the efficacy of oral tacrolimus treatment can 
be greatly Improved through design of the tacrolimus release profile. On the one hand 
relatively high doses of tacrolimus are required to avoid transplant rejection and on the 
other hand side effects often get too pronounced even at therapeutically relevant levels. 
5 Thus, the side effects acute nausea, vomiting, nephrotoxicity and neurotoxicity are directly 
linked to high peak plasma concentrations. This link has been demonstrated In dogs. In 
those cases where a lower dose has been used In order to avoid a high peak level, the 
dose-dependent side effects almost cease to occur at a certain threshold level and, If they 
occurred, they were much less pronounced. However, due to the decrease in dose 
10 (without Increasing the bioavailability) the therapeutically effective level is only maintained 
for a short duration of time. The present Invention addresses this problem by providing a 
pharmaceutical composition containing tacrolimus, wherein the release of tacrolimus Is 
designed to avoid high peak concentrations and at the same time, the composition Is 
designed so that the overall bioavailability is maintained or increased (compared to 
1 5 commercially available tacroiimus-contalning tablets). Moreover, by delaying the release 
of tacroOmus and at the same time provide a composition wherein tacrolimus Is at least 
partly on dissolved form. It is possible to obtain a significant absorption in th© distal part of 
tha gastrointestinal tract 



The present invention provides pharmaceutical compositions and solid dosage forms for 
improved treatment of conditions that respond to tacrolimus treatment 

Within the scope of the present invention tacrolimus may be in any physical form (crystals, 
amorphous powder, any possible polymorphs, any possible solvates Including the 
hydrate, anhydrate, complexes thereof etc). Included Is also any analogue, derivative or 
active metabolite of tacrolimus, pharmaceutical acceptable salts, solvates, complexes 
and prodrugs thereof. 



Tacrolimus Is Indicated (or has been suggested) for the treatment of diseases such as, 
30 e.g., 

rejection reactions by transplantation of organs or tissues such as the heart, kidney, liver, 
bone marrow, skin, cornea, lung, pancreas, small Intestine. limb, muscle, nerve, 
intervertebral disc, trachea, myoblast, cartilage, etc.; 

35 graft-vereus-host reactions following bone marrow transplantation; 
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10 



15 



autoimmune diseases such as rheumatoid arthritis, systemic lupus erythematosus 
Hashimoto's thyroiditis, multiple sclerosis, myasthenia gravis, type I diabetes. eto.;'and 

infections caused by pathogenic microorganisms (e.g. Aspergillus fumigatus, Fusarlum 
5 oxysporum. Trichophyton asteroides. etc.); 

Inflammatory or hypenprolrferative skin diseases or cutaneous manifestations of 
immunologically mediated diseases (e.g. psoriasis, atopic dermatitis, contact dermatitis, 
eczematoid dermatitis, seborrheic dermatitis, lichen planus, pemphigus, bullous 
pemphigoid, epidermolysis bullosa, urticaria, angleedema. vasculites, erythema, dermal 
eosinophils, lupus erythematosus, acne, and alopecia areata); 

autoimmune diseases of the eye (e.g. keratoconjunctivitis, vernal conjunctivitis, uveitis 
associated with Behcet's disease, keratitis, herpetic keratitis, conical keratitis, corneal 
epithelial dystrophy, keratoleukoma. ocular premphlgus. Mooren's ulcer, scterrtts. Graves' 
ophthalmopathy. Vogt-Koyanagl-Harada syndrome, keratoconjunctivitis sicca (dry eye), 
phlyctenule . iridocyclitis, sarcoidosis, endocrine ophthalmopathy, etc.); 

reversible obstructive airways diseases [asthma (e.g. bronchial asthma, allergic asthma. 
Intrinsic asthma, extrinsic asthma, and dust asthma), particularly chronic or inveterate 
asthma (e.g. late asthma and airway hyper-responslveness) bronchitis, etc.]; 

mucosal or vascular Inflammations (e.g. gastric ulcer. Ischemic or thrombotic vascular 
Injury, ischemic bowel diseases, enteritis, necrotizing enterocolitis, intestinal damages 
25 associated with thermal bums, leufcotrfene B4-medtated diseases); 

Intestinal Inflammations/allergies (e.g. coelfac diseases, proctitis, eosinophilic 
gastroenteritis, mastocytosis, Crohn's disease and ulcerative colKIs): 

30 food-related allergic diseases with symptomatic manifestation remote from the 
gastrointestinal tract (e.g. mlgrain. rhinitis and eczema); 



20 



35 



renal diseases (e.g. intestitial nephritis, Goodpasture's syndrome, hemolytic uremic 
syndrome, and diabetic nephropathy): 
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nervous diseases (e.g. multiple myositis, GulIIaln-Barre syndrome, Meniere's disease, 
multiple neuritis, solitary neuritis, cerebral Infarction, Alzheimer's diseases Parkinson's 
diseases, amyotrophic lateral sclerosis (ALS) and radiculopathy); 

oerebral ischemic disease {e.g., head Injury, hemorrhage In brain (e.g., subarachnoid 
hemorrhage, Intracerebral hemorrhage), cerebral thrombosis, cerebral embolism, cardiac 
arrest, stroke, transient ischemic attack (TIA). hypertensive encephalopathy, cerebral 
Infarction); 

endocrine diseases (e.g. hyperthyroidism, and Basedow's disease); 

hematic diseases (e.g. pure red cell aplasia, aplastic anemia, hypoplastic anemia, 
idiopathic thrombocytopenic purpura, autoimmune hemolytic anemia, agranulocytosis, 
pernicious anemia, megaloblastic anemia, and anerythroplasia); 

bone diseases (e.g. osteoporosis); 

respiratory diseases (e.g. sarcoidosis, pulmonary fibrosis, and idiopathic Interstitial 
pneumonia); 

skin diseases (e.g. dermatomyosftfe, leukoderma vulgaris. Ichthyosis vulgaris, 
photosensitivity, and cutaneous T-cell lymphoma); 

circulatory diseases (e.g. arteriosclerosis, atherosclerosis, aortitis syndrome, polyarteritis 
25 nodosa, and myocardosis); 

collagen diseases (e.g. scleroderma, Wegener's granuloma, and Sjogren's syndrome); 
adiposis; 

30 

eosinophilic fasciitis; 

periodontal diseases (e.g. damage to gingiva, periodontium, alveolar bone or substantia 
ossea dentis); 

35 

nephrotic syndrome (e.g. glomerulonephritis); 

! 
I 



15 
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mate pattern alopecia, alopecia senile; 

muscular dystrophy: 

5 pyoderma and Sazaiy syndrome; 

chromosome abnormality-associated diseases (e.g. Down's syndrome); 
Addison's disease; 

10 

active oxygen-mediated diseases [e.g. organ injury (e.g. ischemic circulation disorders of 
organs (e.g. heart, liver, kidney, digestive tract, etc.) associated with preservation, 
transplantation, or Ischemic diseases (e,g. thrombosis, cardial Infarction, etc.)): 

15 intestinal diseases (e.g. endotoxin shock, pseudomembranous colitis, and drug- or 
radiation-Induced colitis); 

renal diseases (e.g. Ischemic ©cute renal insufficiency, chronic renal failure); 

20 pulmonary diseases (e.g. toxicosis caused by pulmonary oxygen or drugs (e.g. paracort, 
bleomycin, etc.), lung cancer, and pulmonary emphysema); 

ocular diseases (e.g. cataracta. Iron-storage disease (slderosis bulbi), retinitis, 
pigmentosa, senile plaques, vitreous scarring, corneal alkali bum); 

25 

dermatitis (e.g. erythema multiforme, linear Immunoglobulin A bullous dermatitis, cement 
dermatitis); and 

other diseases (e.g. gingivitis, periodontitis, sepsis, pancreatitis, and diseases caused by 
30 environmental pollution (e.g. air pollution), aging, carcinogen, metastasis of carcinoma, 
and hypobaropathy)]; 

diseases caused by histamine release or leukotriene C4 release; restenosis of coronary 
artery following angioplasty and prevention of postsurgical adhesions; 

35 

autoimmune diseases and inflammatory conditions (e.g., primary mucosal edama, 
autoimmune atrophic gastritis, premature menopause, male sterility, Juvenile diabetes 
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mellftus, pemphigus vulgaris, pemphigoid, sympathetic ophthalmitis. lens-Induced uveitis, 
Idiopathic leukopenia, active chronic hepatitis, Idiopathic cirrhosis, discoid lupus 
erythematosus, autoimmune orchitis, arthritis (e.g. arthritis deformans), or polychondritis); 

5 Human Immunodeficiency Virus (HIV) infection, AIDS; 

allergic conjunctivitis; 

hypertrophic cicatrix and keloid due to trauma, bum, or surgery. 

10 

In addition, the tricyclic macrolides like e.g. tacrolimus have liver regenerating activity 
and/or activities of stimulating hypertrophy and hyperplasia of hepatocytes. Therefore, the 
pharmaceutical composition of the present invention is useful for increasing the effect of 
the therapy and/or prophylaxis of liver diseases [e.g. Immunogenic diseases (e,g, chronic 
15 autoimmune liver diseases such as autoimmune hepatic diseases, primary biliary cirrhosis 
or sclerosing cholangitis), partial liver resection, acute liver necrosis (e.g. necrosis caused 
by toxins, viral hepatitis, shock, or anoxia), hepatitis B, non-A non-B hepatitis, 
hepatodrrhosfe, and hepatic failure (e.g. fulminant hepatitis, late-onset hepatitis and 
"acute-on-chronic" Ih/er feUur© {acute liver failure on chronic liver diseases))!. 

20 

Furthermore, a composition of the present invention is useful for increasing the effect of 
the prevention and/or treatment of various diseases because of the useful 
pharmacological activity of the tricyclic macrolides, such as augmenting activity of 
chemotherapeutic effect, activity of cytomegalovirus infection, anti-inflammatory activity, 
25 inhibiting activity against peptidyl-prolyl isomerase or rotamase, antimalarial activity, 
antitumor activity and so on. 

The present invention provides pharmaceutical compositions and solid dosage forms for 
improved treatment of conditions that respond to tacrolimus treatment 

30 

In one aspect, the present invention relates to a pharmaceutical composition in particulate 
form comprising tacrolimus and/or an analogue thereof together with one or more 
pharmaceutical^ acceptable excipient, wherein the composition upon oral administration 
to a mammal in need thereof exhibits an AUC/AUC Pwa a, value of at least about 1,3, the 
35 AUC values being determined under similar conditions. 
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As It appears from the Examples herein the bioavailability obtained after administration of 
a composition according to the invention Is markedly improved. Thus, In specific 
embodiments, the AUC/AUCp,,^ value is at least about 1.5 such as about 1.75 or mora, 
about 1 .8 or more, about 1.9 or more, about 2.0 or more, about 2.5 or more, about 2.75 or 
5 more, about 3.0 or more, about 3.25 or more, about 3.5 or more, about 3.75 or more, 
about 4.0 or more, about 4.25 or more, about 4.5 or more, about 4.75 or more or about 
5,0 or more, the AUG values being determined under similar conditions. 

Alter oral administration of a pharmaceutical composition according to the present 
1 0 invention it Is contemplated that the plasma concentration versus time profile show an 
extended period of time In which the plasma concentration is maintained within the 
therapeutic window 0.e. the plasma concentration leads to a therapeutic effect) without 
leading to serious unwanted side effects. Thus, a reduction in peak concentration is also 
observed. Accordingly, the invention relates to a pharmaceutical composition In particulate 

1 5 form comprising tacrolimus together with one or more pharmaceutical acceptable 

excipfent, wherein the composition upon oral administration to a mammal In need thereof 
releases tacrolimus in a controlled manner and exhibits a that is at the most about 
60% of that of for Prograf® tablet© such as, e.g. t at the most about 76%, at the most 
about 70%, at the most about 65%, at th© most about 60%, at the most about 55%, at the 

20 most about 50%, st the most about 45% or at the most about 40%. 

In the present context the terms controlled release and modified release am intended to 
be equivalent terms covering any type of release of tacrolimus from a composition of the 
Invention that Js appropriate to obtain a specific therapeutic or prophylactic response after 
25 administration to a subject. A person skilled in the art knows how controlled 

release/modified release differs from the release of plain tablets or capsules. The terms 
"release in a controlled manner? or "release in a modified manner" have the same 
meaning as stated above. 

30 The terms controlled release/modified release include slow release (that results in a lower 
°™ and later W but % A is unchanged), extended release (that results In a lower C™* 
later W*, but apparent t* is longer); delayed release (that result In an unchanged but 
lag time and, accordingly, t™ Is delayed, and t» is unchanged) as well as pulsatile 
refease, burst release, sustained release, prolonged release, chrono-optimized release, 

35 fast release (to obtain an enhanced onset of action) etc. Included in the terms Is also e.g. 
utilization of specific conditions within the body e.g. different enzymes or pH changes In 
order to control the release of the drug substance. 
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To be more specific after oral administration to a mammal, including a human, of a 
pharmaceutical composition according to the present Invention containing a dose ofSrng 
tacrolimus, tacrolimus Is released in a controlled manner and will exhibit a that Is at 
5 the most about 30 ng/ml such as, e.g. at the most about 25 ng/ml or at the most about 20 
ng/mi. 

However, a reduction In peak concentration may not lead to a decrease In therapeutic 
effect as long as the plasma concentration of tacrolimus is maintained within the 
1 0 therapeutic window. Accordingly, the present invention also relates to a pharmaceutical 
composition, wherein W50 is at least about 2 hours, such as, e.g., at least about 3 hours, 
at least about 4 hours, at least about 5 hours, at least about 6 hours, at least about 7 
hours, at least about 8 hours, at least about 9 hours, about 10 hours or more, about 1 1 
hours or mora, about 12 hours or more, about 13 hours or about 14 hours or more. 

15 Furthermore or moreover, a composition according to the invention has a [C ffiax - C, 
(t=12 hours)] that Is less than that of Prograf® tablets under the same conditions. If c« for 
Prograf® tablets Is set to 100 then of a composition according to the invention is 
normally go or less audi as, ©,g. f about 85 or less, about 80 or less, about 76 or less, 
about 70 or less, about 65 or less, about 60 or less, about 55 or less, about 50 or less, 

20 about 45 or less or about 40 or lass. 

More specifically, after oral administration to a mammal, including a human, of a 
pharmaceutical composition of the invention containing 5 mg of tacrolimus, tacrolimus is 
released in a controlled manner and exhibits a of about 20 ng/mi or less such as, e.g., 
25 about 15 ng/ml or Jess, about 1 3 ng/ml or less or about 1 0 ng/ml or less. 

A pharmaceutical composition according to the invention releases tacrolimus in a 
controlled manner in order to extend the therapeutic action of tacrolimus, in one aspect 
the release may be pH dependant, I.e. the release predominantly takes place after 
passage of the stomach. Such a pH dependent release is mainly provided by means of 
enteric coating material as described herein. The release may also be pH Independent, 
e * by providing the composition with a controlled release coating such as, e.g. a 
cellulose based coating like e.g. ethylcellulose or by providing the composition in the form 
of a matrix composition such as, e.g„ a hydrophilic cellulose polymer matrix type e.g. 
35 based on HPMC. A combination may of course also be employed. 

in general, the change In bioavailability and/or the changes in other bioavailability related 



30 
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parameters are normally determined by In vivo studies In a suitable animal model testing 
the compositions In question together with e.g. Prograflg) or a similar commercially 
available tacrollmus-contalning product The use of a dog model for establishing evidence 
of the bioavailability of certain formulations is general practice fn the pharmaceutical 
5 industry. 

The studies relevant for tacrolimus are non-radomfzed. cross-over studies, where each 
dog is ifs own control. Four dogs, and four treatments are normally applied. As no Iv 
injections are given, the bioavailabilities obtained are relative. 

10 

Further it has surprisingly been found that the need for simultaneous food intake in order 
to secure a sufficient uptake of tacrolimus Is significantly reduced or even completely 
abolished. 

15 Thus, the pharmaceutical compositions according to the invention provide significant 
higher bioavailability of tacrolimus, which may reduce the number of dally administered 
dosage units, and reduce or abolish the need for administration in connection with food 
intake, which provide for a higher degree of freedom for the recipient of ths 
pharmaceutical compositions, and consequently th© patiente acceptance and/or 

20 compliance may be significantly Improved. Furthermore, the compositions provide a 
significant reduction in side effects, especially side effect related to a high peak 
concentration (such as, e.g., nephro- and neuro-toxidty. diarrhea, constipation, abdominal 
pain, nausea etc) and provide for an extended release of tacrolimus leading to a better 
therapy. 

25 

As mentioned above, one of the major challenges with respect to formulation of tacrolimus 
compositions Is to avoid an adverse food effect In general, tacrolimus is much better 
absorbed when it Is administered orally without food. A great variation In bioavailability is 
therefore seen following administration with or without food. This dependency makes it 

30 difficult to give precise guidelines as to how large a dose that should be administered and. 
furthermore, It requires information to the patient about the dosing regime. The present 
invention alms at providing compositions wherein the adverse food effect Is reduced. 
Thus, the present Invention provides a composition, which does not exhibit a significant 
adverse food effect after administration of the composition to a mammal In need of such a 

35 treatment as evidenced by a value of (AUWAUCr««*j) of at least about 0.6S with a lower 
90% confidence limit of at least 0.75. 
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More specifically, a pharmaceutical composition according to the Invention has a value of 
(AUCw/AUCtatod) of about 0.9 or more such as, e.g., about 0.95 or more, about 0.97 or 
more or about 1 or more such as, s.g., up to about 1 .1 or up to about 1 .2. 

5 A further advantage of a composition of the present invention Is the possibifity of obtaining 
an effective therapeutic response with a decreased dosage compared to traditional oral 
treatment Accordingly, upon oral administration to a mammal In need thereof a 
pharmaceutical composition according to the invention releases tacrolimus or an analogue 
thereof In a controlled manner and the composition is essentially bloequivaient with 

1 0 Prograf® or a similar commercially available tacrollmus-contafning product when 

administered In a doste that is at the about most about 85% w/w such as, e.g., at the most 
about 80% w/w. at the most about 75%, at the most about 70% w/w, at the most about 
65% w/W, at the most about 60% w/w. at the most about 55% wAv or at the most about 
50% w/w of the dose of tacrolimus administered In the form of Prograf® or a similar 

1 5 commercially available tacroHmus-containlng product 

Parameters often used in bloequivalence studies areUw AUG™^, AUG»* Other 
relevant parameters may be Wa, and/or MRT. Accordingly, at least one of thes© 
parameter© may be applied whsn determining whether bloequivalence is present. 
20 Furthermore, in the present context, two compositions are regarded as bloequivaient if 
value of the parameter used Is within 80-125% of that of Prograf® or a similar 
commerciaPy available tacroilmu&oontalnfng product used in the test 

In the present context " W denotes the time to reach the maximal plasma concentration 
25 (Cms,) after administration; AUCo-ww* denotes the area under the plasma concentration 
versus time curve from time 0 to infinity; AUC W denotes the area under the plasma 
concentration versus time curve from time 0 to time t; W 60 denotes the time where the 
plasma concentration is 50% or more of (W; W 7S denotes the time where the plasma 
concentration fs 75% or more of C^; and MRT denotes mean residence time for 
30 tacrolimus (and/or an analogue thereof). 



Two other main disadvantages associated with treatment or prophylaxis with tacrolimus Is 
the relative high Incidence of side effects and a relatively high Inter-fndMduai variation. It 
is envisaged that a composUton according to the invention will lead to a reduction tn side 
effects. The reduction may be in terms of reduced frequency or In terms of severity. The 
side effects In question Include e.g. nephn> and neurotoxicity, diarrhe, constipation, 
abdominal pain, nausea etc. In one aspect the Invention concerns a pharmaceutical 
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composition In particulate form comprising tacrolimus or an analogue thereof together with 
one or more pharmaceutical^ acceptable exdplent wherein the composition upon oral 
administration to a mammal In need thereof releases tacrolimus or an analogue thereof In 
a controlled manner and reduces side effects compared to those of Program administered 
under the same conditions and In a dose that provides an equivalent therapeutic effect. 

Increasing the bioavailability, the Area Under the Curve, will normally reduce the Intra- 
and inter- variability related to absorption of a drug substance. This Is particularly true; 
whenever the low and impaired bioavailability Is a consequence of poor water solubility. It 
is contemplated that compositions according to the invention wfll provide CVs (CV » 
coefficient of variation) on Area under Curve data that are significantly smaller than with 
Prograf® and like products. 



As mentioned hereinbefore, one of the basic features of the present Invention Is that It is 
possible to obtain an Improvement In the bioavailability by oral administration of a 
composition of the present Invention. Normally, a low bioavailability of a drug substance 
after oral administration is a barrier for design of a controlled or modified release 
composition of the drug substance due to the feet that It is almost Impossible to obtain 
effective drug levele over a prolonged period of time. However, with the present 
technology It Is possible to obtain a significantly improved bioavailability and thereby 
possible to design controlled, modified or delayed release compositions. 

Tacrolimus is extensively metabolized by the CYP3A4 Isoenzyme In the gut wall and liver. 
Accordingly, a suitable controlled release composition may be a composition that is 
designed to release tacrolimus in a delayed manner so as to avoid or reduce the CYP3A4 
metabolism In the gastrointestinal tract. 



Delayed release is mainly brought about by some kind of enteric coating. Whereas 
semipermeable coating will show some kind of delayed release. It does not preciously 
enough "delay* release. Additionally It requires a certain amount of time to release the 
content The coating sought for this invention, Is a pH dependant coating. This type of 
coating is very resistant to release of drug until a certain pH Is reached. Within very few 
1/1 Oth of pH, the film alters properties and becomes permeable. Examples of pH- 
sensltive polymers, which ere relatively Insoluble and Impermeable at the pH of the 
stomach, but which are more soluble and permeable at the pH of the small Intestine and 
colon include, but not limited to: 
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polyacrylamldes. phthalate derivatives such as add phthalates of carbohydrates, amylose 
acetate phthalate, cellulose acetate phthafate, other cellulose ester phthalates, cellulose 
ether phthalates, rrydroxypropylcenulose phthalate, hydraxypropylethylcellulose phthalate, 
hydraxypropylmetnylcellufose phthalate, methylcellulose phthalate. polyvinyl acetate 
phthalate, polyvinyl acetate hydrogen phthafate, sodium cellulose acetate phthalate, 
starch acid phthalate, styrene-maleicadd dibutyl phthalate copolymer, styrene-malelc 
add polyvinylacetate phthalate copolymer, styrene and maleic acid copolymers, 
pofyacryiic add derivatives such as acrylic add and acrylic ester copolymers, 
polymethacrync acid and esters thereof, poly acrylic msthacryffc add copolymers, shellac, 
and vinyl acetate and crotonic add copolymers. 

pH-sensItfve polymers of specific interest induda shellac; phthalate derivatives, 
particularly cellulose acetate phthalate. polyvinylacetate phthalate. and 
hydroxypropylmethylcellulose phthalate; polyacryllc acid derivatives, particularly 
polymethyl methacrylate blended with acrylic add and acrylic ester copolymers; and vinyl 
acetate and crotonic add copolymer. 



The release of the active substance from a composition having a delayed release coating 
could also be an ereymatlc reaction, If for example Zein or mono/di-glvcerids mteEures are 
20 employed as coating material. 

Upon oral administration to a mammal, indudfng a human. In need thereof, a controlled 
release pharmaceutfcal composition according to the present Invention releases 
tacrolimus in such a manner that a plasma concentration of at least about 5 ng/ml such 
25 as, e.g., at least about 7.5 ng/ml or at least about 10 ng/ml for a time period of at least 
about 24 hours Is obtained. In a spedfic aspect of the Invention the difference between 
the peak plasma concentration and plasma concentration measured 24 hours after 
administration is at the most about 20 ng/ml such as. e.g.. at the most about 10 ng/ml, at 
the most about 7.5 ng/ml or at the most about 5 ng/ml. 

30 

In a specific aspect, the invention provides a pharmaceutical composition or a solid 
dosage form that releases tacrolimus and/or an analogue thereof relatively fast so as to 
enable a relatively fast onset of therapeutic effect In one aspect, the Invention relates to a 
pharmaceutical composition In particulate form comprising tacrolimus and/or an analogue 
35 thereof together with one or more pharmaceuticaOy acceptable exdplent, wherein the 
composition upon oral administration to a mammal In need thereof In a controlled manner 
releases at least about 50% w/w of the total amount of tacrolimus or an analogue thereof 



U/OX 2004 ONS 14:40 FAX +45 33970071 ALBTHNS A/S 



P10779DK J (J 

within about 24 hours, such as, e.g., wfthin about 22 hours, within about 20 hours, within 
about 18 hours, withfn about 15 hours or within about 12 hours. 

Mora specifically, upon oral administration to a mammal in need thereof a composition 
5 according to the Invention releases at least about 50% w/w of the total amount of 

tacrolimus and/or an analogue thereof within about 10 hours such as, e.g.. within about 8 
hours, within about 6 hours, within about 4 hours or wfthin about 3 hours. 

in a further embodiment, upon oral administration to a mammal fn need thereof a 
1 0 pharmaceutical composition according to the Invention releases at least about 55% w/w 
such as, e.g., about 60% w/w or more, about 65% w/w or more, about 70% w/w or more, 
about 75% w/w or more or about 80% w/w or more of the total amount of tacrolimus 
and/or an analogue thereof within about 24 hours, such as. e.g„ within about 22 hours, 
withfn about 20 hours, withfn about 18 hours, about 15 hours, within about 12 hours, 
15 within about 10 hours, within 8 hours or withfn about 6 hours. 

Furthermore or alternatively, at least about 50% w/w of the total amount of tacrolimus 
and/or an analogue thereof is released about 24 hours, within about 22 hours, within 
about 20 hours, within about 18 hours, within 15 hours, within about 12 hours, when 

20 tested fn an in vitro dissolution test and employing a dissolution medium comprising a 
buffer having pH 7.5. Guidance for a suitable dissolution test Is described In the Examples 
herein, but variations with respect to the specific method employed and the Ingredients 
contained In the dissolution medium eta are within the scope of the present Invention. A 
person skilled In the art will know how to carry out a suitable dissolution test e.g. with 

25 guidance from USP, Ph.Eur. and the like. Suitable conditions for the in v/tro dissolution 
test are employing USP dissolution test (paddle method) and a buffer pH 7.5 containing 
2.5% SDS and 1g/mL of pancreatln as dissolution medium. 

In other embodiments, the following conditions are fulfilled with respect to fn vitro 
30 dissolution test: 

I) at least about 50% w/w of the total amount of tacrolimus or an analogue thereof is 
released within about 10 hours such as, e.g., within about 8 hours, within about 6 hours, 
wltiiln about 4 hours, within about 3 hours, within about 2 hours, within about 1 hour, 
35 within about 45 mln t within about 30 mln or within about 15 mln, when tested In en in vftro 
dissolution test and employing a dissolution medium comprising a buffer having pH 7.5 
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II) at least about 50% wA/v of the total amount of tacrolimus or an analogue thereof is 
released within about 1.5 hours such as, e.g., within about 1 hour, within about 0.75 
hours, within about 0.5 hours or within about 20 minutes, when tested in an in vitro 
dissolution test and employing a dissolution medium comprising a buffer having pH 7.5 

5 

ill) at least about 65% w/w such as, e.g.. about 60% wAv or more, about 65% w/w or more, 
about 70% w/w or more, about 75% w/w or more or about 80% w/w or more of the total 
amount of tacrolimus or an analogue thereof Is released within about 16 hours such as, 
e.g., within about 12 hours, within about 10 hours, within 8 hours or within about 6 hours, 
10 when tested In an in vitro dissolution test and employing a dissolution medium comprising 
a buffer having pH 7.5 

iv) at least about 55% w/w such as, e.g., about 60% w/w or more, about 65% w/w or 
more, about 70% w/w or more, about 75% w/w or more or about 80% w/w or more of the 
15 total amount of tacrolimus or an analogue thereof is released within about 5 hours such 
as. e.g.. within about 4 hours, within about 3 hours, within about 2 hours, within about 1 
hours or within about 30 minutes, when tested in an in vitro dissolution test and employing 
a dissolution medium comprising a buffer having pH 7.5, and/or 

20 v) at least about 20% w/w such as. e.g., at least about 25% w/w, at least about 30% w/te, 
at least about 35% w/w or at least about 40% w/w of the total amount of tacrolimus or an 
analogue thereof is released within the first 3 hours such as, e.g., within the first 2 hours 
or within the first hour when tested in an in vitro dissolution test and employing a 
dissolution medium comprising a buffer having pH 7.5. 

25 

In an Interesting embodiment, the composition is designed to have a delayed release of 
tacrolimus and/or an analogue thereof. Therefore, the Invention also includes a 
pharmaceutical composition in particulate form comprising tacrolimus and/or an analogue 
thereof together with one or more pharmaceutical^ acceptable exdplent. wherein the 
30 composition upon oral administration to a mammal in need thereof has a delayed release 
of tacrolimus and/or an analogue thereof so mat at the most 10% w/w such as, e.g., at the 
most about 7.5% w/w or at the most about 5% w/w of the total amount of tacrolimus or an 
analogue thereof Is released within the first two hours such as, e.g., within the first hour 
after administration. 

35 

In other embodiments, the following conditions are fulfilled with respect to in vitro 
dissolution test performed under acidic conditions: 
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I) at the most about 30% w/w such as, e.g., at the most about 25% w/w, at the most about 
20% w/w, at the most about 1 5% w/w or at the most about 1 0% w/w of tacrolimus or an 
analogue thereof is released within 2 hours In an in vitro dissolution test employing a 

5 dissolution medium having a pH of at the most about 5 such as. e.g. at the most about 
4.6, at the most about 4, at the most about 3.5, at the most about 3. at the most about 2 or 
at the most about 1 ,5, 

II) at the most about 10% w/w sue* as, e.g„ at the most about 7.5% w/w, at the most 
10 about 5% w/w or at the most about ZQ% w/w of tacrolimus or an analogue thereof is 

released within 2 hours in an in vitro dissolution test employing a dissolution medium 
having a pH of at the most about 5 such as, e.g. at the mo9t about 4.5. at the most about 
4, at the most about 3.5, at the most about 3, at the most about 2 or at the most about 1 ,5 

1 5 III) at the most about 60% w/w such as, e.g.. at the most about 50% w/w, at the most 
about 40% w/w or at the most about 30% w/w of tacrolimus or an analogue thereof is 
released within 15 hours such as, e.g., within about 12 hours, when tested in an In vitro 
dissolution test employing a dissolution medium having a pH of at the most about 4.5 such 
as, e.g. ©t the most about 4.0, et the most about 3.5. at the most about 3, at the most 

20 about 2 or at the most about 1 .5 

tv) at the most about 40% w/w such as, e.g., at the most about 30% w/w, at the most 
about 25% w/w or at the most about 20% w/w of tacrolimus or an analogue thereof Is 
released within 6 hours when tested in an in vitro dissolution test employing a dissolution 
25 medium having a pH of at the most about 4.5 such as. e,g, at the most about 4.0, at the 
most about 3.5, at the most about 3, at the most about 2 or at the most about 1 .5, and/or 

v) at the most about 30% w/w such as, e.g., at the most about 25% w/w, at the most about 
20% w/w or at the most about 1 5% w/w of tacrolimus or an analogue thereof is released 
30 within 4 hours when tested in an in vitro dissolution test employing a dissolution medium 
having a pH of at the most about 4.5 such as, e.g. at the most about 4.0, at the most 
about 3.5, at the most about 3, at the most about 2 or at the most about 1.5. . 

Apart from tacrolimus, a composition of the invention may also comprise a further 
35 therapeutically, prophyiactically and/or dfagnostically active substance. Notably 

combinations of tacrolimus with at least one of the following active substances are of 
Interest Substances that are Indicated for use In connection with organ transplantation 
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such as. B . g>1 steroids, caldneurin inhibitors and/or antt-prollferatlve agents. Specific 
examples Include prednisone, prednisolone, methylprednlaone. cyclosporin, 
mycophenolate, azalhloprlne, andslrolimus. 

THe pharmaceutical compositions may be prepared by any convenient method such as. 
e.g. granulation, mixing, spray drying etc. A particularly useful method Is the method 
described in WO 03/004001. Herein is described a process for the preparation of 
particulate material by a controlled agglomeration method. I.e. a method, which enables a 
controlled growth in particle size. The method Involves spraying a first composition 
comprising e.g. tacrolimus and a earner, which has been melted, onto a second solid 
earner medium. Normally, the meltable carrier has a melting point of at least 5 "C but 
lower than the melting point of tacrolimus. The melting point of the carrier may be In the 
range of 10 «C to 150 'C. such as. e.g.. in the range of 30 'C to 100'C or In the range of 
40 "C to 50 e C is most preferred. 

It is within the skills of the average practloner to select a suitable carrier being 
Pharmaceutical acceptable, capable of dissolving or at least partly dissolve tacrolimus and 
having a melting point In the desired range using general knowledge and routine 
experimentation. Suitable candidate for canters are described in WO 03/004001. which Is 
herein incorporated by reference. 

In the present context, suitable carriers are e-g. those mentioned as an oil or an oily-like 
material (as discussed later herein) as well as those disclosed In WO 03/004001. 

An advantage of using the controlled agglomeration method described In WO 03/004001 
is that it is possible to apply a relatively large amount of a melt to a particulate material 
without having an undesirable growth In particle size. Accordingly, in one embodiment of 
the invention, tha particulate material of a pharmaceutical composition has a geometric 
weight mean diameter tfc, of aiopm such as. e.g. fe20pm, from about 20 to about2000. 
from about 30 to about 2000, from about 50 to about 2000. from about 60 to about 2000 
from about 75 to about 2000 such as. e.g. from about 100 to about 1500 pm, from about' 
100 to about 1000 pm or from about 100 to about 700 pm. or at the most about 400pm or 
at the most 300 pm such as. e.g., from about 50 to about 400pm such as. e.g.. from 
about 50 to about 350 pm, from about 50 to about 300pm, from about 50 to about 250pm 
35 or from about 1 00 to about 300 pm. 



20 
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The particulate material obtained by the above-mentioned method has suitable properties 
with respect to flowabflity and/or compressibility and is therefore suitable for further 
processing Into pharmaceutical dosage forms. 

5 Pharmaceutical^ acceptable exdpients 

in the present context the terms "pharmaceutically acceptable exdpienF are intended to 
denote any material, which is Inert in the sense that it substantially does not have any 
therapeutic end/or prophylactic effect per so. Such an excipient may be added with tine 
purpose of making It possible to obtain a pharmaceutical, cosmetic and/or foodstuff 
10 composition, which have acceptable technical properties. 

Examples on suitable exdpients for use in a composition or solid dosage form according 
to the Invention include filters, diluents, dlslntegrants, binders, lubricants etc. or mixture 
thereof. As the composition or solid dosage form according to the invention may be used 
15 for different purposes, the choice of exdpients Is normally made taken such different uses 
Into considerations. Other pharmaceutically acceptable exdpients for suitable use are e.g. 
acidifying agents, alkalizing agents, preservatives, antioxidants, buffering agents, 
chelating agents, coloring agents, completing agents, emulsifying and/or solubllfzing 
agents, flavors and perfumes, humsdants. sweetening agents, wetting agents eta 

20 

Examples on suitable fillers, diluents and/or binders include lactose (e.g. spray-dried 
lactose, o-lactose. ^-lactose, Tabietose®, various grades of Pharmatose®, Mlcrotose© or 
Fast-Floe®), macrocrystalline cellulose (various grades of Avicel®, Bcema®, Vh/acel®, 
Ming Tai<5> or Solka-Fioc®), hydroxypropylceilulose, L~hydroxypropylcel!ulose (low 

25 substituted), hydroxypropyf methylceliulose (HPMC) (e.g. Methocel E, F and K, Metolose 
SH of Shin-Etsu. Ltd, such as, e.g. the 4,000 cps grades of Methocel E and Metolose 80 
SH, the 4,000 cps grades of Methocel F and Metolose 65 SH, the 4.000, 15,000 and 
100.000 cps grades of Methocel K; and the 4,000, 15,000, 39.000 and 100.000 grades of 
Metolose 90 SH), methylceliulose polymers (such as, e.g.. Methocel A, Methocel A4C, 

30 Methocel A1 5C, Methocel A4M), hydroxyethylcellulose, sodium carboxymethyicellulose. 
carboxymethylene, carboxymethylhydroxyethylceilulose and other cellulose derivatives, 
sucrose, agarose, sorbitol, mannitol, dextrine, maitodextrtns, starches or modified 
starches (Including potato starch, maize starch and rice starch), calcium phosphate (e.g. 
basic calcium phosphate, calcium hydrogen phosphate, dlcalcium phosphate hydrate), 

35 calcium sulfate, caWum carbonate, sodium alginate, collagen etc. 
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Specific examples of diluents are e.g. calcium carbonate, dibasic calcium phosphate, 
tribasfc calcium phosphate, calcium sulfate, mlcrocrystalline cellulose, powdered 
cellulose, dextrans, dextrin, dextrose, fructose, kaolin, lactose, mannltor, sorbitol, starch, 
pregelatinized starch, sucrose, sugar eta 

5 

Specific examples of disJntegrants are e.g. alglnic acid or alginates, microcrystalline 
cellulose, hydroxypropyl cellulose and other cellulose derivatives, croscarmeOose sodium, 
crospovidone, polacrfllin potassium, sodium starch glycolate, starch, pregetatrnized starch, 
carboxymathyf starch (e.g. Prfmogel® and Explotab®) etc. 

10 

Specific exampJas of binders are e.g. acacia, alginlc acid, agar, calcium carrageenan, 
sodium carboxymethylcellulose, microcrystaiTme cellulose, dextrin, ethylcelluiose, gelatin, 
liquid glucose, guar gum. hydroxypropyl methylcelluiose, methylceJlulose, pectin, PEG, 
povidone, pregelatinized starch etc. 

15 

Glfdants and lubricants may also be included in the composition. Examples include stearic 
acid, magnesium stearate, calcium steerate or other metallic stearate, talc, waxes and 
glycerides, light mineral oil, PEG, glyceryl behenate. colloidal silica, hydrogenated 
vegetable oils, com starch, sodium stearyl ftjmarats, polyethylene glycols, alky! suites, 
20 sodium benzoata, sodium acetate etc 

Other exdpients which may be Included in a composition or solid dosage form of the 
invention are e.g. flavoring agents, coloring agents, taste-masking agents, pH-adJustfng 
agents, buffering agents, preservatives, stabilizing agents, anti-oxidants, wetting agents, 
25 humidity-adjusting agents, surface-active agents, suspending agents, absorption 
enhancing agents, agents for modified release etc, 

Other additives in a composition or a solid dosage form according to the invention may be 
antioxidants like e.g. ascorbic acid, ascorbyl palmitate. butytated hydroxyantsole, 

30 butytated hydroxytoluene, hypophosphorous add, monothioglycerol, potassium 

meta bisulfite, propyl gallate, sodium formaldehylde sulfoxylate, sodium metabisulflte, 
sodium thlosulfate, sulfur dioxide, tocopherol, tocopherol acetate, tocopherol 
hemlsuccinate, TPGS or other tocopherol derivatives, etc. The carrier composition may 
also contain e.g. stabilising agents. The concentration of an antioxidant and/or a 

35 stabilizing agent In the carrier composition is normally from about 0.1 % w/w to about 5% 
w/w. 
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A composition or sofld dosage form according to the Invention may also Include one or 
more surfactants or substances having surface-active properties. It is contemplated that 
such substances are involved In the wetting of the slightly soluble active substance and 
thus, contributes to improved solubility characteristics of the active substance. 

Examples on surfactants are given in the following. 

Suitable excipients for use in a composition or a soBd dosage form according to the 
Invention are surfactants such as, e.g.. amphlphlilic surfactants as those disclosed in WO 
0(V60Q07 in the name of Llpodne, Inc. Examples on suitable surfactants are 
0 poiyethoxylated fatty acids such as r a.g. fatty acid mono- or diestere of 

polyethylene glycol or mixtures thereof such as, e.g. mono - or diesters of 
polyethylene glycol with laurlc acid, oleic acid, stearic acid, myristic acid, 
ricinolelc acid, and the polyethylene glycol may be selected from PEG 4, PEG 
5, PEG 6 7 PEG 7, PEG 6. PEG 9, PEG 10, PEG 12. PEG 15, PEG 20, PEG 
25. PEG 30. PEG 32, PEG 40, PEG 45, PEG 50, PEG 55, PEG 100, PEG 200, 
PEG 400. PEG 600, PEG 800. PEG 1000, PEG 2000. PEG 3000. PEG 4000. 
PEG 5000, PEG 6000. PEG 7000. PEG 8000, PEG 8000. PEG 1000, PEG 
10,000, PEG 15,000. PEG 20,000. PEG 35.000, 
») polyethylene glycol glycerol ratty acid esters, i.$. esters Oke the above- 
mentioned but In the form of glyceryl esters of the Individual fatty acids; 
III) glycerol, propylene glycol, ethylene glycol. PEG or sorbitol esters with e.g. 
vegetable oils like e.g. hydrogenated castor oil. eJmond oil. palm kernel oil, 
castor oil, apricot kernel oil, olive oil, peanut oil, hydrogenated palm kernel oil 
and the like, 

Iv> porygrycerfesd tatty acids like e.g. polyglycerol stearate. polyglycerol oleate, 

polyglyceral ricinoleate, polyglycerol llnoleate, 
v) propylene glycol fatty add esters such as. e.g. propylene glycol monoiaurate, 

propylene glycol ricinoleate and the like, 
vl) mono- and dlglycerides like e.g. glyceryl monooleate, glyceryl dioieae. glyceryl 

mono- ano/or dloleate, glyceryl caprylate. glyceryl caprata etc.; 
vfi) sterol and sterol derivatives; 

vfll) polyethylene glycol sorbitan fatty acid esters (PEG-sorbttan fatty acid esters) 
such as esters of PEG with the various molecular weights indicated above, and 
the various Tween ©series; 

ix) polyethylene glycol alkyi ethers such as, e.g. PEG oleyl ether and PEG lauryi 
ethen 
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x) sugar esters like e.g. sucrose monopalmitate and sucrose monolaurate; 
xO polyethylene glycol alkyl phenols like e.g. the Triton® X or N series; 
xll) pdyoxyethylene-polyoxypropylene block copolymers such as, e.g., the 

Pluronlc® series, the Synperonlc® series, Emkalyx®. Lutrol®. Supronlc® etc. 
The generic term for these polymers Is "poloxamere" and relevant examples In 
the present context are Poloxamer 105, 108, 122, 123. 124. 181. 182. 183. 
184, 185. 188. 212, 215. 217. 231. 234. 235. 237, 238. 282, 284. 28* 331, 
333, 334, 335. 338. 401, 402. 403 and 407; 
xlii) sorbltan fatty add esters like the Span® series or Ariacel® series such as, e.g. 
sorblnan monolaurate. sorbitan monopalmitate. sorbltan monooteate. sorbltan 
monostearate etc.; 

xfv) tower alcohol fatty acid esters like e.g. oleate, Isopropyl myristate. Isopropyl 
palmitate etc; 

xv) fonic surfactants including cationic. anionic and zwrittertonic surfactants such 
as, e.g. fatty add salts, bile salts, phospholipids, phosphoric add estere. 
carboxyfates, sulfates and sulfonates etc. 

When a surfactant or a mixture of surfactants is present In a composition or a solid 
dosage form of the Invention, the concentration of the surfactants) Is normally in a range 
of from about 0.1 - 80% w/W such as, e.g.. from about 0.1 to about 20% wAv, from about 
0.1 to about 1S% wAv, from about 0.5 to about 10% w/w. or alternatively, from about 0.10 
to about 80% w/w such as. e.g. from about 10 to about 70% w/W. from about 20 to about 
80% w/w or from about 30 to about 50% w/w. 

25 In a specific aspect of the Invention, the at least one of the one or more pharmaceutical* 
acceptable exdplent Is selected from the group consisting of silica acid or a derivative or 
salt thereof including silicates, silicon dioxide and polymers thereof; magnesium 
aluminosflicato and/or magnesium alumlnometasUlcate. bentontte. kaolin, magnesium 
trisilicate, montmorillonite and/or saponlte. 

30 

Such materials are Is especially useful as a sorption material for oils or olly-llke materials 
In pharmaceuticals, cosmetics and/or foodstuff. In a specific embodiment, the material is 
used as a sorption material for oils or ofly-Ilke materials In pharmaceuticals. The material 
that has the ability to function as a sorption material for oils or olly-llke materials Is also 
35 denoted "oil sorption material". Furthermore, in the present context the term "sorption- is 
used to denote "absorption" as well as "adsorption". It should be understood that 



20 
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whenever one of the terms Is used It Is Intended to cover the phenomenon absorption as 
well as adsorption. 

Notably, the pharmaoeutlcally acceptable excipfent may comprise a silica add or a 
derivative or salt thereof such as. e.g., silicon dioxide or a polymer thereof as a 
pharmaceuticalJy acceptable exdplent Dependent on the quality employed a silicon 
dioxide may be a lubricant or It may be an oil sorption material Qualities fulfilling the latter 
function seem to be most important. 



In a specific embodiment, a composition or solid dosage form according to invention 
comprises a pharmaceutical^ acceptable exclpient that is a silicon dioxide product that 
has properties corresponding to Aercpert® 300, (available from Degussa, Frankfurt. 
Germany). 

As ft appears from the examples herein, a very suitable material Is Asroperi® 300 
(Including materials with properties like or corresponding to those of Aeropert® 300). 

Use of an oil sorption material In compositions or dosage forms according to the Invention 
Is very advantageous for the preparation of prwmaceutlcal, ©osmetic, nutritional and/br 
food compositions, vwhereln th© composition comprises oil or an oily-Ilka material. One of 
the advantages Is that is it possible to incorporate a relatively large amount of oil and ofly- 
Hfce material and still have a material that is solid. Thus, rt is possible to prepare solid 
compositions with a relatively high toad of oil or oily-like materials by use of an on sorption 
material according to the Invention. Within the pharmaceutical field it is an advantage to 
be able to Incorporate a relatively large amount of an oil or an oify-like material In a solid 
25 composition especially In those situation where the active substance does not have 
suitable properties with respect to water solubility (e.g. poor water solubility), stability In 
aqueous medium (i.e. degradation occurs In. aqueous medium), oral bioavailability (e.g. 
low bioavailability) etc. or in those situations where It is desired to modify the release of 
an active substance from a composition in order to obtain a controlled, delayed, sustained 
30 and/or pulsed delivery of the active substance. Thus, In a specific embodiment It Is used In 
the preparation of pharmaceutical compositions. 

The oil sorption material for use m the processing into solid compositions normally 
absorbs about 5% w/w or more, such as, e.g., about 10% w/w or more, about 15% w/w or 
35 more, about 20% w/w or more, about 25% w/w or more, about 30% w/w or more, about 
35% wAv or more, about 40% w/W or more, about 45% w/w or more, about 50 w/w or 
more, about 55% w/w or more, about 60% w/w or more, about 65% w/w or more, about 
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70% w/w or more, about 75% w/w or more, about 80% w/w or more, about 85% w/w or 
more, about 80% w/w or more or about 95% w/w or more of an oil or an oily material and 
is still a solid material. 



An important aspect of me Invention Is compositions or solid dosage forms comprising an 
oil or an oily-like material. 



OH or olly-ilke materials 

fn the present context the term "Oils and oily-like materials" is used in a very broad sense 
including oils, waxes, seml-sofid materials and materials that normally are used as 
solvents (such as organic solvents) orcosotvents within the pharmaceutical industry, and 
the term also includes therapeutically and/or prophylactlcaWy active substances that are In 
liquid form at ambient temperature; furthermore the term includes emulsions like e.g. 
mlcraemulstons and nanoemulsions and suspensions. The oils and oily-like materials that 
can be absorbed will normally be liquid at ambient or elevated temperature (for practical 
reasons the max. temperature Is about 250 °C). They may be hydrophillc, lipophilic, 
hydrophobic and/br amphiphfilc materials. 



The oils and oily-Ilk® material that are suitable for use in the present context are 
substances or materials, which have a melting point of at least about 0 °C and at the most 
about 250 °C. 



In specific embodiments of the invention, the oil or oily-Hke material has a melting point of 
about 5 "C or more such as, e.g. f about 10 °C or more, about 15 °C or more, about 20 6 C 
25 or more or about 25 °C or more. 



In further embodiments of the Invention, the oil or oily-like material has a melting point of 
at least about 25 °C such as, e.g.. at least about 30 °C at least about 35 *C or at least 
about 40 °C. For practical reasons, the melting point may normally not be too high, thus, 
the oil or oily-like material normally has a melting point of at the most about 30D °C such 
as. e.g M at the most about 250 °C f at the most about 200 *C, at the most about 150 °C or 
at the most about 100 •C. If the melting point is higher a relatively high temperature may 
promote e.g. oxidation or other kind of degradation of an active substance In those cases 
where e.g. a therapeutically and/or prophyJactically active substance Is Included. 
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In the present context, the malting point is determined by DSC (Differential Scanning 
Catorlmetry). The melting point Is determined as the temperature at which the rinear 
increase of the DSC curve Intersects the temperature axis (see Rg. 2 for further detaiis). 

5 Interesting oils or ofty-ilke materials are generally substances, which are used in the 
manufacture of pharmaceuticals as so-called melt binders or solid solvents (in the form of 
solid dosage form), or as co-solvents or Ingredients In pharmaceuticals for topical use. 

Jt may be hydrophiiic, hydrophobic and/or have surface-active properties. In general 
10 hydrophiiic and/or hydrophobic oils or olly-iike materials are suitable for use in the 
manufacture of a pharmaceutical composition comprising a therapeutically and/or 
praphylactically active substance that has a relatively low aqueous solubility and/or when 
the release of the active substance from the pharmaceutical composition is designed to be 
immediate or non-modified. Hydrophobic oil or oily-like materials, on the other hand, are 
1 5 normally used In the manufacture of a modified release pharmaceutical composition. The 
above-given considerations are simplified to illustrate general principles, but there are 
many cases where other combinations of oils or olly-Uke materials and other purposes am 
relevant and, therefore, tft® einampies above should not In any v/ay limit the Invention. 

20 Typically, a suitable hydrophiiic oil or oily-like material is selected from the group 

consisting oft poiyether glycols such as. e.g.. polyethylene glycols, polypropylene glycols; 
polyoxyethylenes; polyoxypropylenes; poloxamers and mixtures thereof, or It may be 
selected from the group consisting of: xyfitol, sorbitol, potassium sodium tartrate, sucrose 
tribehenate, glucose, rhamnose, lactitol, behenic acid, hydroqulnon monomethyi ether, 

25 sodium acetate, ethyl fumarate, myristic acid, citric acid, Geiucire 50/13, other Geiucire 
types such as, e.g., Geiucire 44/14 ate., Geiucire 50/10, Geiucire 62/05, Sucre-ester 7, 
Sucro-ester 1 1, Sucro-ester 15, maltose, mannitoi and mixtures thereof. 

A suitable hydrophobic oil or olly-iike material may be selected from the group consisting 
30 oft straight chain saturated hydrocarbons, sorbitan esters, paraffins; fats and oils such as 
e.g., cacao butter, beef tallow, lard, poiyether glycol esters; higher fatty acid such as, e.g. 
stearic acid, myristic acid, palmitic acid, higher alcohols such as, e.g., cetanol, stearyl 
alcohol, low melting point waxes such as, e.g., glyceryl monostearate, glyceryl 
monooleate. hydrogenated tallow, myrfstyl alcohol, stearyl alcohol, substituted and/or 
35 unsubstituted monofllyceridea, substituted and/or unsubstituted digiycerides, substituted 
and/or unsubstituted triglycerides, yellow beeswax, white beeswax, camauba wax, castor 



21/01 2004 ONS 14:42 PAX +45 33970071 A LB I HNS A/S 



P10779 DK 27 

wax, Japan wax, acetyiate monoglycerides; NVP polymers, PVP polymers, acrylic 
polymers, or a mixture thereof. 

In an interesting embodiment, the oil or oily-like material is a polyethylene glycol having an 
5 average molecular weight in a range of from about 400 to about 35,000 such as, e.g., 
from about 800 to about 35,000. from about 1 ,000 to about 35.000 such as, e.g., 
polyethylene glycol 1,000, polyethylene glycol 2,000, polyethylene glycol 3,000, 
polyethylene glycol 4,000, polyethylene glycol 5,000, polyethylene glycol 6000, 
polyethylene glycol 7,000, pofyethylarte glycol 8,000, polyethylene glycol 9,000 
10 polyethylene glycol 1 0,000, polyethylene glycol 1 5.000, polyethylene glycol 20,000, or 
polyethylene glycol 35,000. In certain situations polyethylene glycol may be employed with 
a molecular weight from about 35.000 to about 100,000. 

In another interesting embodiment, the oU or oily-like material is polyethylene oxide having 
15 a molecular weight of from about 2.000 to about 7.000,000 such as, e.g. from about 2.000 
to about 100,000, from about 5.000 to about 75,000, from about 10.000 to about 60,000, 
from about 1 5,000 to about 50,000. from about 20,000 to about 40,000, from about 
100,000 to about 7,000,000 such as, ag M from about 100,000 to about 1,000,000. from 
about 100.000 to about 600,000, from about 100,000 to about 400,000 or from about 
20 100,000 to about 300,000. 

In another embodiment, the oil or olly-flke material is a poloxamer such as, e.g. Poloxamer 
188, Poloxamer 237. Poloxamer 338 or Poloxamer 407 or other block copolymers of 
ethylene oxide end propylene oxide such as the PJuronlc® and/or Tetronlo® series. 

25 Suitable block copolymers of the Pluronlc® series Include polymers having a molecular 
weight of about 3,000 or more such as, e.g, from about 4,000 to about 20,000 and/or a 
viscosity (Brookfield) from about 200 to about 4,000 cps such as, e.g., from about 250 to 
about 3,000 cps. Suitable examples Include Pluronic® F38. P65, P68LF, P75, F77, P84, 
P85. F87, F88, F98, P103, P104, P105, F108, P123, F123, F127, 10R8, 17R8, 25R5. 

30 25R8 etc Suitable block copolymers of the Tetronlc® series include polymers having a 
molecular weight of about 8,000 or more such as, e.g., from about 9,000 to about 35.000 
and/or a viscosity (Brookfield) of from about 500 to about 45,000 cps such as, e.g., from 
about 600 to about 40,000. The viscosities given above are determined at 60 "C for 
substances that are pastes at room temperature and at 77 °C for substances that are 

35 solids at room temperature. 
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The oH or oily-Ifke material may also be a sorbitan ester such as, e.g., sorbitan di- 
isostearate, sorbitan dioleate. sorbftan monolaurate, sorbitan monoisostearate, sorbitan 
monooleate, sorbitan monopalmitate, sorbitan monostearate, sorbitan sesqul-Isostearate, 
sorbftan sesquioleate, sorbitan sesqulstearate, sorbitan trHsostearafe, sorbitan trioleate, 
5 sorbitan tristearate or mixtures thereof. 

The oil or oily-like material may of course comprise a mixture of different oils or ony-Gke 
materials such as, e.g., a mixture of hydrophlllc and/or hydrophobic materials. 

1 0 Other suitable oils or oily-like materials may be solvents or semisolid exdplents like, e.g. 
propylene glycol, pclyglycollsed glycerides Including Geluclre 44/14, complex fatty 
materials of plant origin including theobroma oil, camauba wax, vegetable oils tike e.g. 
almond oil, coconut oil, corn oil, cottonseed oil, sesame oil, soya oil, olive oil, castor oil. 
palm kernels oil, peanut oil, rape oil, grape seed oil etc., hydrogenated vegetable oils such 

1 5 as, e.g. hydrogenated peanut oil, hydrogenated palm kernels oil, hydrogenated 

cottonseed oil, hydrogenated soya oil, hydrogenated castor oil, hydrogenated coconut oil; 
natural fatty materials of animal origin Including beeswax, lanolin, fatty alcohols including 
cetyl, stearyl. lauric, myrlstlc, palmitic, stearic fatty alcohols; esters including glycerol 
stearate, glycol stesrat©, ethyl oleate, isopropyl myrtstate; liquid Interesteriflsd seml- 
20 synthetic glycerides Including MJglycol 81 0/612; amide or fatty acid aicolamJdes including 
stearamlde ethanoi, dfethanolamlde of fatty coconut acids, acetic acid esters of mono and 
di-grycarides, citric acid esters of mono and di-grycerldes, lactic add esters of mono and 
dlglycerfdes, mono and di-glycerides, poJy-glycerol esters of fatty adds, poly-glycerol poly- 
ricinoleate, propylene glycol esters of fatty adds, sorbitan monostearates. sorbitan 
25 tristearates, sodium stearoyi lactylates. calcium stearoyl lactylates, dlacetyi tartaric acid 
esters of mono and di-gryceridea etc. 

Normally, a pharmaceutical composition or a solid dosage form according to the invention 
has a concentration of the oil or oily-like material In the composition of about 5% w/w or 

30 more such as, e.g., about 10% w/w or more, about 15% w/w or more, about 20% w/w or 
more, about 25% w/w or more, about 30% w/w or more, about 36% w/w or more, about 
40% wAv or more, about 45% w/w or more, about 50 w/to or more, about 55% w/w or 
more, about 60% w/w or more, about 65% w/w or more, about 70% w/w or more, about 
75% w/w or more, about 60% w/w or more, about 85% w/w or more, about 90% w/w or 

3 5 more or about 95% w/w or more. 
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In specific embodiments the concentration of the oil or oily-like material in a composition 
or solid dosage form of the invention Is In a range from about 20% to about 80% w/w such 
as, e.g„ from about 25% to about 75% w/w. 

5 One of the advantages is that is it possible to Incorporate a relatively large amount of oil 
and olly-iike material and still have a material that Is solid. Thus, it is possible to prepare 
solid compositions with a relatively high load of oil or oDy-like materials by use of an on 
sorption material according to the invention. Within the pharmaceutical field It Is an 
advantage to be able to incorporate a relatively large amount of an oil or an oily-like 

10 material In a solid composition especially in those situation where the active substance 
does not have suitable properties with respect to water solubility (e.g. poor water 
solubility), stability In aqueous medium (i.e. degradation occurs In aqueous medium), oral 
bioavailability (e.g. low bioavailability) etc., or in those situations where It Is desired to 
modify the release of an active substance from a composition In order to obtain a 

15 controlled, delayed, sustained and/or pulsed delivery of the active substance. 

A further advantage Is that the particulate material obtained is a free-flowing powder and 
therefore readily pracesseble into e.g. solid dosage forms such as tablets, capsules or 
sachet©. Normally, th® particulate material has properties that are suitable in order to 
20 manufacture tablets by direct compression without addition of large amounts of further 
additives. A suitable test for testing the flowabiWy of the particulate material Is the method 
described in Ph.Eur. and measuring the flow rate of the material out of a funnel with a 
nozzle (orifice) diameter of 10.0 mm. 

25 in an Important embodiment of the Invention, at least a part of tacrolimus and/or an 
analogue thereof Is present in the composition in the form of a solid solution Including a 
molecular dispersion and a solid dispersion. Normally. 10% or more such as, e.g.. 20% or 
more, 30% or more, 40% or more, 50% or more. 60% or more, 70% or more. 80% or 
more, 90% or more such as, e.g.. 95% or more or about 100% w/w of tacrolimus and/or 
an analogue thereof Is present In the composition In the form of a solid dispersion. 

A solid dispersion may be obtained In different ways e.g. by employing organic solvents or 
by dispersing or dissolving the active substance in another suitable medium (e.g. an oU or 
an oily-like material that Is In liquid form at room temperature or at elevated temperatures). 



30 
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Description of a solid dispersion based on organic solvents 
Solid dispersions (solvent method) are prepared by dissolving a physical mixture of the 
active substartoe (e.g. a drug substance) and the carrier In a common organic solvent, 
5 followed by evaporation of the solvent The carrier is often a hydrophilic polymer. Suitable 
onjanrc solvents include pharmaceutical acceptable solvent in which the activs substance 
Is soluble such as methanol, ethanol, methylene chloride, chloroform, ethylacetate, 
acetone or mixtures thereof. 

10 Suitable water soluble earners include polymers such as polyethylene glycol, poloxamers, 
polyoxyethyleno stearates, poly -s-caprolactone, polyvinylpyrrolidone (PVP), 
polyvinylpyrrolidone-pofyviriylacetate copolymer PVP-PVA (Kollidon VA64), poly- 
methacryiic polymers (Eudragit RS, Eudraglt RL. Eudragit NE, Eudragit E) and polyvinyl 
alcohol (PVA), hydroxypropyi cellulose (HPC). hydroxypropyl methyl cellulose (HPMC), 

15 methyl cellulose, and pofy(ethyJene oxide) (PEO). 

Polymers containing acidic functional groups may be suitable for solid dispersions, which 
release the active substance in a preferred pH range providing acceptable absorption in 
the Intestines. Such polymers may be one ore more selected from the group comprising 

20 hydroxypropyl methylceilulos® phtalate (HMPCP), polyvinyl acetate phtalate (PVAP). 
hydraxypropytmethyteeiluiose acetate succinate (HPMCAS), alginate, carbomer, 
cangoxymethytcellulose, methacrylic acid copolymer (Eudragit L, Eudragit $), shellac, 
cellulose acetate phthalate (CAP), starch glycolate, polacrylln, methyl cellulose acetate 
phtalate, hydroxypropyulceliulose acetate phthalate, cellulose acetate terephtahalate, 

25 cellulose acetate Isophthalate and cellulose acetate trimeliltate. 

In relations to amounts of the active substance and the polymer In the solid dispersion, the 
weight ratio of active substance to polymer may be In a range of from about 3:1 to about 
i:20. However, narrower ranger of from about 3:1 to about 1:5. such as. e.g„ from about 
30 1 :1 to about 1 :3 or about may also be used. 

The solid dispersion is preferably formed by spray drying techniques, controlled 
agglomeration, freeze-drying or coating on earner particles or any other solvent removal 
process. The dried product contains the active substance present in the fbim of a solid 
35 dispersion Including a molecular dispersion and a solid solution. 
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As an alternative to the use of organic solvents the drug and polymer may be co-grinded 
or extruded at elevated temperatures (melt extrusion). 

The pharmaceutical compositions comprising tacrolimus at least partly In form of a solid 
5 dispersion or solution may in principle be prepared using any suitable procedure for 
preparing pharmaceutical compositions known within the art 

Apart from using the organic solvent based method, solid dispersion or solid solutions of 
tacrolimus and/or an analogue thereof may be obtained by dispersing and/or dissolving 
10 tacrolimus in the carrier composition used in the controlled agglomeration method. 
Stabilizing agents etc may be added in order to ensure the stability of the solid 
dispersion/solution. 

in another aspect, the invention relates to a method for the preparation of a 

15 pharmaceutical composition according to the Invention. In general, any suitable method 
within the pharmaceutical field may be employed. However, in order to enable 
Incorporation of a relatively high amount of an oil or an oily-like material especially the 
method described in WO 03/004001 (by the same inventors) has proved satisfactory. 
Details concerning th© method are given in the above-identified publication, which is 

20 hereby incorporated by reference as wall as in the Examples herein. In short, the 

Invention provide a process for preparing a particulate pharmaceutical material comprising 
tacrolimus and/or an analogue thereof which method comprises spraying a first 
composition in liquid form, said composition comprising a carrier and having a melting 
point greater than 5 a C onto a second composition comprising a support, said second 

25 composition e.g. being in the fiuidised state and having a temperature less than the 

melting point of the carrier. In principle the active substance may be present in the carrier 
composition and/or in the second composition. However, in those cases where tacrolimus 
and/or an analogue thereof should be present in the composition at least partly as a solid 
dispersion, It is advantageous to incorporate or dissolve tacrolimus and/or an analogue 

30 thereof in the carrier composition. 

Solid dosage forms 

A pharmaceutical composition according to the invention Is in particulate form and may be 
employed as such. However, In many cases it Is more convenient to present the 
35 composition in the form of granules, pellets, microspheres, nanoparticles and the like or in 
the form of solid dosage forms including tablets, capsules and sachets end the like. 
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A solfd dosage form according to the Invention may be a single unit dosage form or It may 
in the form of a polydepot dosage form contain a multiplicity of individual units such as, 
e.g., pellets, beads and/or granules. 

5 Normally, a pharmaceutical composition or a solid dosage form of the Invention is 
intended for administration via the oral, buccal or sublingual administration route. 

The Invention also relates to the above-mentioned presentation form. Within the scope of 
the invention are compositions/solid dosage forms that are Intended to release tacrolimus 
1 0 and/or an analogue thereof in a fast release, a delayed release or modified release 
manner. All of these manners are considered to be a controlled manner. Further, a pH 
dependants release is also covered by the term "controlled manner, 

A solid dosage form according to the present invention comprises a pharmaceutical 
15 composition In particulate form as described above. The details and particulars disclosed 
under this main aspect of the invention apply mutatis mutandis to the other aspects of the 
Invention. Accordingly, the properties with respect to increase In bioavailability, changes In 
bioavailability parameters, reduction in adverse food effect as well m release of 
tacrolimus and/or an analogue thereof etc described and/or claimed herein for 
20 pharmaceutical compositions in particulate form are analogues for a solid dosage form 
according to th© present Invention. 

Normally, the concentration of the pharmaceutical composition In particulate form is in a 
range of from about 5 to 1 00% w/w such as, e.g.. from about 10% to about 90% w/w, from 

25 about 15% to about 85% wAv, from about 20% to about 80% w/w, from about 25% to 
about 80% wAv, from about 30% to about 80% wA/v, from about 35% to about 80% w/w. 
from about 40% to about 75% w/w, from about 45% to about 75% w/w or from about 50% 
to about 70% wAv of the dosage form. In an embodiment of the invention, the 
concentration of the pharmaceutical composition in particulate form fe 60% w/W or more of 

30 the dosage form. 

A solid dosage form according to the invention is obtained by processing the particulate 
material according to the invention by means of techniques wefi-known to a person skilled 
in the art. Normally, it Involves further addition of one or more of the pharmaceutical^ 
35 acceptable excipients mentioned herein. 
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The composition or solid dosage form according to the invention may be designed to 
release tacrolimus and/or an analogue thereof In any suitable manner provided that the 
increase In bioavailability Is present. Thus, the active substance may be released 
relatively fast In order to obtain an enhanced on-set of action, it may be released so as to 
5 fallow zero or first order kinetics or It may be released In a modified manner In order to 
obtain a predetermined pattern of release. All of these ways are considered controlled 
manners. Plain formulations are also within the scope of the present invention. 

The recommended dosage range for Prograf® is 0.1 to 0.2 mg/kg/day given every 12 
0 hours In two divided doses. More importantly the blood levels has to be monitored. 
The typical level for 1 - 3 months Is 7 -20 ng/mL and 4 - 12 months the levels should be 
5-16 ng/mL. This is only guiding values and may vary from types of transplant and 
"race". 



1 5 The following is for Kidney transplant patients. 
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The expected dosage recommendation for products of the present invention will be from 
0.02 mg/kg/day to 0.15 mg/kg/day t dosed once a day. 



The composition or solid dosage form according to the Invention may also be coated with 
a film coating, an enteric coating, a modified release coating, a protective coating, an anti- 
adhesive coating etc. 

A solid dosage form according to the Invention may also be coated in order to obtain 
suitable properties e.g. with respect to controlled release of the active substance. The 
coating may be applied on single unit dosage forms (e.g. tablets, capsules) or it may be 
applied on a polydepot dosage form or on Its Individual units. 

Suitable coating materials are e.g. methylcelluiose, hydroxypropylmethylcellulose, 
hydroxypropyicellulose, acrylic polymers, ethylcellulose, cellulose acetate phthalate, 
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polyvinyl acetate phthalate, hydroxypropyl methylcellulose phthalate, polyvinylalcohol, 
sodium carboxymethylcellulose, cellulose acetate, cellulose acetate phthalate, gelatin, 
methacrylicacid copolymer, polyethylene glycol, shellac sucrose, titanium dioxide, 
carnauba wax, mlcrocrystalllne wax, glyceryl monostearate, zeln. 

5 

Plastlcl2ers and other Ingredients may be added In the coating material. The same or 
different active substance may also be added In the coating material. 

In the following Is given a more detailed description of Interesting embodiments of the 
10 Invention, I.e. embodiments wherein the solid dosage forms are designed to release 
tacrolimus and/or an analogue thereof In a controlled manner. In the present context, the 
term "controlled manner" Is Intended to Include all types of release which differ from the 
release obtained from plain tablets. Thus, the term Includes so-called "controlled release", 
"modified release", "sustained release", "pulsed release", "prolonged release", burst 
15 release" , "slow release", "extended release", as well as me terms "delayed release" and 
pH dependant release . However, a specific aspect of the Invention relates to a delayed 
release composition or dosage form, which in this context Is intended to denote a 
composition or dosage form that at the most releases f 0% wAv of the actlv© substance 
wraiin the first 2 hours after administration and/or after start of a dissolution tsst employing 
20 a dissolution medium having a pH of at the most about 3. 

Types of modified release systems 

A first class includes matrix systems, in which tacrolimus is embedded or dispersed In a 
matrix of another material that serves to retard the release of tacrolimus into an aqueous 

25 environment (he., the luminal fluid of the Gl tract). When tacrolimus is dispersed in a 
matrix of this sort, release of the drug takes place principally from the surface of the 
matrix Thus the drug is released from the surface of a device, which incorporates the 
matrix after It diffuses through the matrix or when the surface of the device erodes, 
exposing the drug. In some embodiments, both mechanisms can operate simultaneously. 

30 The matrix systems may be large, Le., tablet sized (about 1 cm), or small {< 0.3cm). The 
system may be unitary (e.g., a bolus), may be divided by virtue of being composed of 
several sub-units (for example, several capsules which constitute a single dose) which are 
administered substantially simultaneously, or may comprise a plurality of particles, also 
denoted a mumparticulate. A multiparticulate can have numerous formulation applications. 

35 For example, a multiparticulate may be used as a powder for filling a capsule shell, or 
used per s& for mixing with food to ease the Intake. 
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In a specific embodiment, a matrix multiparticulate, comprises a plurality of tacrollmus- 
contalnlng particles, each particle comprising tacrolimus and/or an analogue thereof e.g. 
In the form of a soBd solution/dispersion with one or more exdplents selected to form a 
matrix capable of controlling the dissolution rate of the tacrolimus Into an aqueous 
5 medium. The matrix materials useful for this embodiment are generally hydrophobic 
materials such as waxes, some cellulose derivatives, or other hydrophobic polymers. If 
needed, the matrix materials may optionally be formulated with hydrophobic materials, 
which can be used as binders or as enhancers. Matrix materials useful for the 
manufacture of these dosage forms such as: ethytcellulose, waxes such as paraffin, 

10 modified vegetable oils, camauba wax, hydrogenated castor oil, beeswax, and the like, as 
well as synthetic polymers such as polyvinyl chloride), polyvinyl acetate), copolymers of 
vinyl acetate and ethylene, polystyrene, and the tike. Water soluble or hydrophillc binders 
or release modifying agents which can optionally be formulated fnto the matrix Include 
hydrophillc polymers such as hydroxypropyl cellulose (HPC), hydroxypropyl methyl 

15 cellulose (HPMC), methyl cellulose, poly (N-vlnyl-2-pyrrolldinone) (PVP), po)y(ethyIene 
oxide) (PEO), poJy(vlnyl alcohol) (PVA), xanthan gum, carrageenan, and other such 
natural and synthetic materials. In addition, materials, which function as release-modifying 
agents Include water-soluble materials such as sugars Or s&Its. Preferred water-soluble 
materials include lactose, sucrose, glucose, and mannltol, as well as hydrophillic polymers 

20 like e.g. HPC, HPMC, and PVP. 

In a specific embodiment, a multiparticulate product is defined as being processed by 
controlled agglomeration. In this case tacrolimus Is dissolved or partly dissolved in a 
suitable meltable carrier and sprayed on carrier particles comprising the matrix substance. 
25 Suitable meltable carriers are mentioned previously herein. 

Alternatively, tacrolimus Is dissolved In an organic solvent together with the matrix 
substance and spray dried or applied to carrier particles 

Solvents typically employed for the process Include acetone, ethanol, Isoprcpanol, ethyl 
30 acetate, and mixtures of two or mere (for further details reference is given to the 
paragraphs under the heading Description of a solid dispersion based on organic 
solvents). 

Once formed, tacrolimus matrix multiparticulates may be blended with compressible 
35 exciplents such as lactose, mlcrocrystalllne cellulose, dlcalclum phosphate, and the like 
and the blend compressed to form a tablet Dlslntegrants such as sodium starch glycoiate 
or crossllnked polyvinyl pyrrolidone) are also usefully employed. Tablets prepared by this 
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method disintegrate when placed in an aqueous medium (such as the Ql tract), thereby 
exposing the multiparticulate matrix, which releases tacrolimus therefrom. 

A further embodiment of a matrix system has the form of a hydrophlllc matrix tablet 
5 containing tacrolimus and/or an analogue thereof (e.g. in the form of a solid dispersion) as 
a multiparticulate product and an amount of hydrophlllc polymer sufficient to provide a 
useful degree of control over the tacrolimus dissolution. Hydrophilic polymers useful for 
forming the matrix Include hydroxypropylmethyl cellulose (HPMC). hydroxypropyl cellulose 
(HPC). poly (ethylene oxide), poly(vlnyl alcohol), xanthan gum. carbomer. carrageenan. 
10 and zooglan. A preferred material is HPMC. Other similar hydrophlllc polymers may also 
be employed. In use, the hydrophlllc material is swollen by, and eventually dissolves In, 
water. The tacrolimus Is released both by diffusion from the matrix and by erosion of the 
matrix. The tacrolimus dissolution rate of these hydrophlllc matrix tablets may be 
controlled by the amount, molecular weight and gel strengths of the hydrophilic polymer 
15 employed. In general, using a greater amount of the hydrophlllc polymer decreases the 
dissolution rate, as does using a higher molecular weight polymer. Using a lower 
molecular weight polymer normally Increases the dissolution rate. A matrix tablet typically 
comprises about 20 to 90% by weight of tacrolimus and about 80 to 10% by weight of 
polymer. 

A preferred matrix tablet comprises, by weight, about 30% to about 80% solid dispersion 
containing tacrolimus and/or an analogue thereof about 15% to about 35% matrix former 
(such as. e.g.. HPMC). 0% to about 35% lactose. 0% to about 20% mlcroerystalline 
cellulose, and about 0.25% to about 2% lubricant (such as. e.g., magnesium stearate). 

The matrix systems as a class often exhibit non-constant release of the drug from the 
matrix. This result may be a consequence of the diffusive mechanism of drug release, and 
modifications to the geometry of the dosage form can be used with advantage to make the 
release rate of the drug more constant. 

30 

A second class of tacrolimus comroHed-release dosage forms of this Invention Includes 
membrane-moderated or reservoir systems. In this class, a reservoir of tacrolimus e.g. in 
a solid solution / dispersion as a multiparticulate product is surrounded by a rate-limiting 
membrane. The tacrolimus traverses the membrane by mass transport mechanisms well 
35 known In the art, including but not limited to dissolution In the membrane followed by 
diffusion across the membrane or diffusion through liquid-filled pores within the 
membrane. These individual reservoir system dosage forms may be large, as In the case 



20 
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materials which are characterized by controlled permeability to tacrolimus. 

in one embodiment of the Invention it is an aim to reduce the exposure of the upper Gl 
tract to high concentrations of tacrolimus. Accordingly, suitable dosage forms includes 
those forms, which Incorporate a specific delay before the onset of controlled release of 
tacrolimus. An exemplary embodiment can be illustrated by a tablet (or a particulate 
material) comprising a com containing tacrolimus coated with a first coating of a polymeric 
material of the type useful for sustained release of tacrolimus and a second coating of the 
type useful tor delaying release of drugs when the dosage form is Ingested. The first 
coating is applied over and surrounds the tablet or individual particles. The second coabng 
Is applied over and surrounds the first coating. 



A tablet can be prepared by techniques well known in the art and contains a 
therapeutically useful amount of tacrolimus plus such excipients as are necessary to form 
15 the tablet by such techniques. 

The first coating may be a sustained release coating as known In the art, especially 
polymer coatings, to fabricate the membrane, as previously discussed for reservoir 
systems, or It could be a controlled release matrix cora. which are coated a second time 
20 with a delayed release material. 

Materials usetol for preparing the second coating on the tablet Include polymers known In 
the art as enteric coatings for delayed-release of pharmaceuticals- These most commonly 
are pH-sensiflve materials such as cellulose acetate phthalate. cellulose acetate 
trimelDtete. hydroxypropyl methyi cellulose phthalate, poly (vinyl acetate phthalate). and 
acryi,c copolymers such as Eudragit L-100 (Rfihm Phamia) and related materials, as 
more fuliy detailed below under "Delayed Release-. The thickness of the delayed-release 
coating Is adjusted to give the desired delay property, m general, thicker coatings are 
more resistant to erosion and, consequently, yield a longer and mora effective delay. 
Preferred coatings range from about 30 M m In thickness to about 3 mm in thickness 
With a hydrophobic matrix material like Glyceryl monostearate. no delay coating is 
necessary. The tablet will only start to release tacrolimus when It reaches an area of 
enzymatic degradation, more specifically after the duodenum. 

35 When Ingested, the twlce^oated tablet passes through the stomach, where the second 
coating prevents release of the tacrolimus under the addle conditions prevalent there. 
When the tablet passes out of the stomach and into the small intestine, where the pH is 
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higher, the second coating erodes or dissolves according to the physlcochemlcal 
properties of the chosen material. Upon erosion or dissolution of the second coating the 
flrst coatmg prevents Immediate or rapid release of the tacrolimus and modulates the 

ZZZHZT 10 PreVSnt *" Pr0dUCti0n * P6ak C0nC8ntrati0ns - thereby minimizing 

A ^rther preferred embodiment comprises a multiparticulate wherein each particle Is dual 
coated as described above for tablets, Bret with a polymer designed to yield sustained 
release of the tacrolimus and then coated with a polymer designed to delay onset of 
release In the environment of the Gl tract when the dosage form is Ingested. 

The rate of tacrolimus release from the sustelned-release-coated multiparticulates (i.e.. 
the multiparticulates before they receive the delayed-release coating) and methods of 
m ^"9 *• «*««S are also controlled by the factors previously discussed for reservoir 
is system tacrolimus multiparticulates. 

The second membrane or coating for dual coated multiparticulates is a delayed-release 
coatfn 0 which fe applied over the ft* swtafcwHrtww coating, as disclosed above for 
tablets, and may be formed from the same material* It should be noted that the use of the 
so-caned -enteric- materials to practice this embodiment differs significantly from their use 
to produce conventional entericdosage forms. With conventional enteric forms, the object 

I* 1 " 358 * *■ dm9 d0sage 1wm has P»«ed the stomach and tnen to 

deliver the dose In the duodenum. Dosing of tacrolimus directly and ccmpletety to the 
duodenum may be undesirable, however, due to the side effects sought to be minimized 
or avoided by this Invention. Therefore, if conventional enteric polymers are to be used to 
practice this embodiment, it may be necessary to apply them significantly more thickly 
than In conventiona. practice, in order to delay drug release until the dosage form reaches 
the lowBr « tract. However. It Is also possible to effect a sustained or controlled delivery 
of tacrolimus after the delayed-release coating has dissolved or eroded, therefore the 
benefits of this embodiment may be realized with a proper combination of delayed-release 
character with sustemed-release character, and the delayed-release part alone may or 
may not necessarily conform to USP enteric criteria. The thickness of the delayed-release 
coating Is adjusted to give the desired delay property, in general, thicker coatings are 
more resistant to erosion and. consequently, yield a longer delay. 

A flrst delayed release embodiment according to the invention Is a "pH-dependent coated 
dosage form- such as. e.g., a tablet or a capsule. In the case of a tablet It comprises a 
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tablet core comprising tacrolimus e.g. in a solid solution/dispersion as a multiparticulate 
product, a controlled release matrix of e.g. HPMC, a dlsintegrant, a fubricant. and one or 
more pharmaceutical carriers, such core being coated with e material, preferably a 
polymer, which is substantially Insoluble and Impermeable at the pH of the stomach, and 
5 which Is more soluble and permeable at the pH of the small Intestine. Preferably, the 
coating polymer is substantially Insoluble and impermeable at pH <5.0. and water-soluble 
at pH>5.0. The tablet core may be. coated with an amount of polymer sufficient to assure 
that substantially no release of tacrolimus from the dosage form occurs until the dosage 
form has exited the stomach and has resided In the small Intestine for about 15 minutes or 

10 greater, preferably about 30 minutes or greater, thus assuring that minimal tacrolimus is 
released in the duodenum. Mixtures of a pH-sensitive polymer with a water-Insoluble 
polymer may also be employed. Tablets are coated with an amount of polymer comprising 
from about 10% to about 80% of the weight of the tacrolimus-contalnlng tablet core. 
Preferred tablets are coated with an amount of polymer comprising about 15% to about 

15 50% of the weight of the tacrolimus tablet core. 



pH-sensltfve polymers which are very insoluble and impermeable at the pH of the 
stomach, but which ar© more soluble and permsabi® at the pH of the small Intestine end 
colon Include poJy@crytemld©9. phthalate derivatives such as add phtftalates of 

20 carbohydrates, amylose acstate phthalate, cellulose acetate phthalate, other cellulose 
ester phthalates. cellulose ether phthaiates, hydroxyprapyJcellulose phthalate. 
hydroxypropylethylceflulose phthalate. hydroxypropylmethylcellulose phthalate, 
methylcellulose phthalate, polyvinyl acetate phthalate, polyvinyl acetate hydrogen 
phthalate, sodium cellulose acetate phthalate, starch acid phthelate, styrene-maleic acid 

25 dlbutyl phthalate copolymer, styrene-maleic acid polyvfnylacetate phthalate copolymer, 
styrene and matelc add copolymers, polyacrylic acid derivatives such as acrylic acid and 
acrylic ester copolymers, polymethacrylic acid and esters thereof, poly acrylic methacryllc 
add copolymers, shellac, and vinyl acetate and crotonic acid copolymers. 

30 Preferred pH-sensltive polymers indude shellac; phthalate derivatives, particularly 

cellulose acetate phthalate, polyvfnylacetate phthalate, and hydroxypropylmethytcellulose 
phthalate; polyacrylic add derivatives, particularly polymethyJ methacrylate blended with 
acrylic add and acrylic ester copolymers; and vinyl acetate and crotonic acid copolymers. 

35 The delay time before release of tacrolimus, after the "pH-dependent coated tablet" 

dosage form has exited the stomach, may be controlled by choice of the relative amounts 
of fEudragit-L® and Eudragit-S® in the coating, and by choice of the coating thickness. 
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Eudraglt-L® films dissolve above pH 6.0, and Eudragit-S® films dissolve above 7.0, and 
mixtures dissolve at Intermediate prfs. Since the pH of the duodenum Is approximately 
6.0 and the pH of the colon Is approximately 7.0, coatings composed of mixtures of 
Eudraglt-L® and Eudraglt-S® provide protection of the duodenum from tacrolimus, rf It is 
5 desired to delay release of tacrolimus until the tacroflmus-contalnfng "pH-dependent 
coated tablet* has reached the colon, Eudraglt-S® may be used as the coating material, 
as described by Dew et ah (Br. J. CKn. Pharmac 14 (1982) 405-408). In order to delay 
the release of tacrolimus for about 15 minutes or more, preferably 30 minutes or more, 
after the dosage form has exited the stomach, preferred coatings comprise from about 9:1 
10 to about 1 :9 Eudragit-L® /Eudragit-S®, more preferably from about 9:1 to about 1 :4 

Eudraglt-L® /Eudraglt-S®. The coating may comprise from about 3% to about 70% of the 
weight of the uncoated tablet core. Preferably, the coating comprises from about 5% to 
about 50% of the weight of the tablet core. 

1 5 The invention Is further illustrated in the following examples without limiting It thereto. 
Methods 

Deftsrmination weight variation 
20 The tablets prepared In the examples herein were subject to a test for weight variation 
performed In accordance with Ph. Eur. 

Determination of average tablet hardness 

The tablets prepared In the Examples herein were subject to at test for tablet hardness 
25 employing Schleunlger Model 6D apparatus and performed in accordance with the 
general instructions for the apparatus. 

Determination of disintegration time 

The time for a tablet to disintegrate, l.e. to decompose Into particles or agglomerates, was 
30 determined In accordance with Ph. Eur. 

Determination of geometric weight mean diameter d^ 

The geometric weight mean diameter was determined by employment of a method of 
laser diffraction dispersing the particulate material obtained (or the starting material) in air. 
35 The measurements were performed at 1 bar dispersive pressure in Sympatec Helos 
equipment, which records the distribution of the equivalent spherical diameter. This 
distribution Is fitted to a log normal volume-size distribution. 
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When used herein, "geometric weight mean diameter" means the mean diameter of the 
log normal volume-size distribution, 

5 Determination of dissolution rate 

The dissolution rate was determined by employment of USP paddle dissolution method at 
37 °C. 

Examples 

10 For the preparation of a pharmaceutical composition In particulate form according to the 
invention the method described in WO 03/004001 (by the present Inventors) has been 
employed. The method ensures a controlled agglomeration process, I.e. a strict control of 
the growth in particle size whHe at the same time it is possible to use a relatively large 
amount of an oil or an oily-like material. 

15 

Examples on Tacrolimus formulation based on controlled agglomeration 

HPMC refers to Metoioss ©0 SH (type 2208) or fWetolose 60 SH (type 2910) from 
SWnEtsu. available in different degre© of polymerisation (viscosity, 3-100.000 cP) 
20 Either tablets, capsules or granules might bs enteric coated with different types of 
polymers such as hydroxypropylmethylcellulose acetate succinate (Aqoat), cellulose 
acetate phthalate CAP, hydroxypropylmethylcellutose phtalate HPMCP or methacrylic 
add copolymers such as Eudraglt L30O, Eudragit 100/S, Eudraglt 100/L 

25 Example 1 

Immediate release tablet with Improved bioavailability 



Substances 


% 


mg 


Tacrolimus 


0.50 


1.00 


Lactose 200 mesh 


49.75 


100.00 


PEG 6000 


34.48 


69.30 


Poloxamer 188 


14.78 


29.70 


Magnesium stearate 


0.50 


1.01 


Total 


100.00 


201.01 
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TacroEmus Is dissolved in Polyethylene gtycol 6000 and Poloxamer 188 (70:30 wAv ratio) 
at 70 °C. Tha solution Is sprayed on 250 g lactose In a fluid bed Strea-1 . The granular 
product Is sieved through sieve 0.7 mm and blended with magnesium stearate for 0.5 mln 
in a Turbula mixer. 

5 

The mixture is compressed into 8 mm tablets with a strength of 1 mg (200 mg tablet with 
compound cup shaped. 

Mean disintegration time; 20 mln, Hardness: 45 N 
10 Example 2 

Modified release polydepot capsule based on swelling hydrocoltoid matrix of 
hydroxypropylcelJuJose 

Substance 
Tacrolimus 
HPMC 

Lactose 200 mesh 
PEG eooo 
Poloxamer 188 
Total 

15 Tacrolimus Is dissolved in Polyethylene glycol 6000 and Poloxamer 188 (70:30 wAv ratio) 
at 70 °C. The solution Is sprayed on a mixture of 150 lactose and 100 g HPMC in a fluid 
bed Strea-1. The granular product Is sieved through sieve 0.7 mm and fined Into hard 
gelatine capsules (200 mg) 

20 Example 3 

Modified release polydepot capsule based on swelling hydrocof loid matrix of 
hydroxypropyf cellulose 



Substance 


% 


mg 


Tacrolimus 


0.50 


1.00 


HPMC 2910 3 cp 


20.00 


40.00 


Lactose 200 mesh 


30.00 


60.00 


Glyceryl monostearate 


49.50 


89.00 


Total 


100.00 


200,00 



% mg 

0.50 1.00 

20.00 40.00 

30.00 60.00 

34.65 69.30 

14.85 29.70 

100.00 200.00 
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Tacrolimus Is dissolved In Glycerylmonostearate at 70 °C. The solution is sprayed on a 
mixture of 150 lactose and 100 g HPMC In a fluid bed Strea-1. The granular product Is 
sieved through sieve 0.7 mm and filled Into hard gelatine capsules (200 mg) 

5 Example 4 

Modified release matrix tablet based on swelling hydrocollold matrix of 
hydroxypropyl cellulose 



Substance 


% 


mg 


Tacrolimus 


0.50 


1.00 


HPMC 


19.90 


40.00 


Lactose 200 mesh 


29.85 


60.00 


PEG 6000 


34.48 


69.30 


Poloxamer 188 


14.78 


29.70 


Magnesium etearate 


0.50 


1.01 


Total 


100.00 


201.01 



10 Tacrolimus Is dissolved In Polyethylene glycol 6000 and Poloxamer 1 88 C?0:30 wto' ratio) 
at 70 »C. Th© solution Is sprayed on 250 g lactose In a fluid bed Strea-1. The granular 
product Is sieved through sieve 0.7 mm and blended with HPMC and magnesium stearate 
for 0.5 min In a Turbula mixer. 

15 The mixture Is compressed Into 8 mm tablets with a strength of 1 mg (200 mg tablet with 
compound cup shaped. 

Mean disintegration time: 20 mln, Hardness: 45 N 
Example 5 

20 Modified release matrix tablet based on lipophilic matrix of glyceryl monostearate 



Substance 


% 


mg 


Tacrolimus 


0.50 


1.00 


Lactose 200 mesh 


49J5 


100.00 


Glycerytmonostearate 


49.25 


99.00 


Magnesium stearate 


0.50 


1.01 




100.00 


201.01 
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Tacrolimus is dissolved in Glyceryl monostearate at 70 °C. The solution is sprayed on 250 
9 lactose In a fluid bad Strea-1. The granular product Is sieved through sieve 0.7 mm and 
blended with magnesium stearate for 0.5 rrfn In a Tirrbuia mixer. 
5 The mixture is compressed into 8 mm tablets with a strength of 1 mg (200 mg tablet with 
compound cup shape. 

Mean disintegration time: 20 rnln, Hardness: 45 N 

The tablets were subjected to dissolution testing without further coating, as descrlped 
10 below. 

Dissolution profile for Example 5 tablets of Tacrolimus 



Time (hours) 


% released 


0 


0 


0.5 


2 


1 


4 


3 


6 


8 


17 


24 


37 



Example 6 

Modified release polydepot capsule based on lipophilic matrix of glyceryl- 
monostearate 



Substance 


% 


mg 


Tacrolimus 


0.50 


1.00 


Lactose 200 mesh 


49.75 


100.00 


Gfycerylmonostearate 


49.25 


99.00 


Magnesium stearate 


0.50 


1.01 




100.00 


201.01 



Tacrolimus is dissolved In Glyceryl monostearate at 70 °C. The solution Is sprayed on 250 
g lactose in a fluid bed Strea-1. The granular product is sieved through sieve 0.7 mm and 
tilled into hard gelatine capsules (200 mg). 
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Example 7 

Modified release polydepot Tablet based on lipophilic matrix off geluclre 44^14 



Substance 
Tacrolimus 
Aeroperi 300 
Geluclre 44/14 
Magnesium stearate 



49.75 
49.25 



0.50 



0.50 



100.00 
99.00 
1.01 




100.00 



201.01 



5 



Tacrolimus is dissolved In geluclre at 70 tf C. The solution is sprayed on 250 g aeropert in a 
fluid bed Strea-1. The granular product is sieved through sieve 0.7 mm end filled into hard 
gelatine capsules (200 mg). 
10 The granulate is compressed Into 8 mm tablets with strength of 1 mg (tablet weight 200 
mg). Tablets are cup shaped. 
Mean disintegration time: 25 mln. Hardness: 43 H 

Capsules and tabJots from Examples 1 - 4 and 6-7 ware coated with a "delayed" release 
15 coating, 

The composition of the coating is shown in the table below. 



Ingredients 


% 


Eudragit L30D 


40 


Purified water 


52 


Triethyl acethylcitrate 


1.8 


Antlfoam emulsion 


0.2 


Talcum 


6 


Total 


100 



20 Preparation of coating suspension: 

Triethyl acethylcitrate, antlfoam emulsion and purified water are mixed by Ultra Turrax at 
9500 rpm for 30 mln. After 1 min talcum is added. The mixture is strained through sieve 
300 and stirred by magnet. Eudragit Is strained through sieve 300 and added the mixture. 
Stirring for 5 mln. The coating is stirred throughout the coating process. 
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The process condition of the coating process is shown in the following table. 



rnlettemp t °C 



40 



Feed rate, g/mln 



5 {position 14) 
31 



Outlet temp, °C 



Air inlet, nfVh 



140 



Nozzle size, mm 



0.8 



Coating time, mfn 



app. 50 (300g coating) 



5 

App. 400 g of tablets, or 200 g of capsules were coated 

The film coated tablets and capsules were cured for 48 hours at 30 °C before dissolution 
testing. 

10 

According to US 6,576,259 B2 the dissolution method refers to the Japanese 
Pharmacopoeia which 13 In accordance with USP. Th© following conditions are outlined: 
Paddle speed: 50 rpm. 

Dissolution media adjusted to pH - 4.5 (buffer not specified). Phosphate buffer according 
1 5 to Ph.Eur. 4 th Ed., 0.05M phosphate buffer solution pH 4.5 (4008000) will be used. 
Amount of dissolution media not specified (900 ml standard). 

Addition of 0.005% HPMC is specified but not the specific type (Pharmacoat 606 will be 
used) 

20 

The composition of the dissolution media pH=4.5 Is shown In the following table: 



Ingredients 


Amount 


Potassium dlhydrogen phosphate 


6.8 g 


HPMC 


0.05 mg 


Purified water 


Ad 1000,0 ml 



25 Tacrolimus was quantified by LCMS. 
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Dissolution profile for example 2 capsules of tacrolimus 



Time (hours) 


% Released 


00.0 


00 


01 .5 


00 


02.0 


00 


04.0 


01 


06.0 


03 


oa.o 


05 


10.0 


20 


15.0 


40 



10 



Dissolution profile for Example 4 tablets of tacrolimus 

15 

Time (hours) % Released 

00.0 00 

01.0 00 

20 02.0 00 

04.0 03 

06.0 04 

08.0 07 

10.0 14 

25 16.0 38 
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Claims 

1. A pharmaceutical composition In particulate form comprising tacrolimus or analogue 
thereof together with one or more pharmaceutlcaJly acceptable excipient, wherein the 

5 composition upon oral administration to a mammal in need thereof releases tacrolimus or 
an analogue thereof In a controlled manner and exhlbrts an AUC/AU Cp*^ value of at 
least about 1 ,3, the AUC values being determined under similar conditions. 

2. A pharmaceutical composition according to claim 1 , wherein the AUC/AUCprogm, value Is 
1 0 at least about 1.5 such as about 1 .75 or more, about 1 .8 or more, about 1 .9 or more, 

about 2.0 or more, about 2.5 or more, about 2.75 or more, about 3.0 or more, about 3.25 
or more, ebout 3.5 or more, about 3.75 or more, about 4.0 or more, about 4.25 or more, 
about 4.5 or more, about 4.75 or more or ebout 5.0 or more, the AUC values being 
determined under similar conditions. 

15 

3. A pharmaceutical composition in particulate form comprising tacrolimus together with 
one or more pharmaceutical acceptable exclplent, wherein the composition upon oral 
administration to a mammal in nesd thereof release tacrolimus In m controlled manner sand 
exhibits a that is at the most about 80% of that of for Pragraf® tablets such as, 

20 e.g., at the most about 75%, at the most about 70%, at the most about 65%, art the most 
about 60%, at the most about 55%, at the most about 50%, at the most about 45% or at 
the most about 40%. 

4. A pharmaceutical composition in particulate form comprising tacrolimus together with 
25 one or more pharmaceutical^ acceptable exciplent, wherein the composition upon oral 

administration to a mammal In need thereof release tacrolimus In a controlled manner and 
for a dose of 5 mg tacrolimus exhibits a Cm* that Is at the most about 30 ng/ml such as, 
e.g. at the most about 25 ng/ml or at the most about 20 ng/ml. 

30 6. A pharmaceutical composition In particulate form comprising tacrolimus together with 
one or more pharmaceutical^ acceptable exclplent, wherein the composition upon oral 
administration to a mammal In need thereof release tacrolimus or a derivative or analogue 
thereof in a controlled manner and exhibits a Ws> that is about 2 hours or more such as, 
e.g., about 3 hours or more, about 4 hours or more, about 5 hours or more, about 6 hours 

35 or more, about 7 hours or more, about 8 hours or more, about 9 hour or more, about 10 
hours or more, ebout 1 1 hours or more, about 12 hours or more, about 13 hours or about 
14 hours or more. 
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6. A pharmaceutical composition in particulate form comprising tacrolimus together with 
one or more pharmaceutical^ acceptable exclpient, wherein the composition upon oral 
administration to a mammal in need thereof release tacrolimus in a controlled manner and 
5 exhibits a of 90 or less such as, e.g., about 85 or less, about 80 or less, about 75 or 
less, about 70 or less, about 65 or less, about 60 or less, about 65 or less, about 50 or 
less, about 45 or less or about 40 or less, when CdaF [(W - Q (te12 houra)] and for 
Prograf €> tablets is set to 100. 

10 7. A pharmaceutical composition In particulate form comprising tacrolimus together with 
one or more pharmaceutical^ acceptable exciplent, wherein the composition upon oral 
administration of a composition containing 5 mg of tacrolimus to a mammal in need 
thereof release tacrolimus in a controlled manner and exhibits a of about 15 ng/ml or 
less such as, e.g., about 13 ng/ml or less or about 10 ng/ml or less. 

15 

8. A pharmaceutical composition in particulate form comprising tacrolimus or an analogue 
thereof together with one or more pharmaceuticaily acceptable ©xclpisnt, wherein the 
composition upon oral administration to a mammal In need thereof releases tacrolimus or 
an analogue thereof in a controlled manner and does not exhibit a significant adverse food 

20 effect as evidenced by a value of (AUC^AUCte*,*,) of at least about 0.85 with a lower 
90% confidence limit of at least 0.75. 

9. A pharmaceutical composition according to claim 8. wherein the value of 
(AUCWAUCfe^) is about 0.9 or more such as, e.g., about 0.95 or more, about 0.97 or 

25 more or about 1 or more. 

10. A pharmaceutical composition in particulate form comprising tacrolimus together or an 
analogue thereof with one or more pharmaceutical^ acceptable exciplent, wherein the 
composition upon oral administration to a mammal in need thereof releases tacrolimus or 

30 an analogue thereof in a controlled manner and the composition being essentially 
bioequivalent with Prograf® or a similar commercially available tacrolimus-containlng 
product when administered in a dosis that is at tire about most about 85% w/w of the dose 
of tacrolimus administered in the form of Prograf© or a similar commercially available 
tacrolimus-containlng product. 

35 

11. A pharmaceutical composition according to claim 10. wherein the dose Is at the most 
about 80% w/w such as, e.g„ at the most about 75%, at the most about 70% wAv, at the 
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most about 65% w/w, at the most about 60% w/w. at the most about 55% w/w or at the 
most about 60% w/w of the dose of tacrolimus administered In the form of Prograf® or a 
similar commercially available tacrolimus-contalnlng product. 

5 12. A pharmaceutical composition according to claim 10 or 1 1 • wherein the 

bloequlvalence Is determined by means of at least one of the following parameters: tmo, 
cw, AUQu. AUCWi*. W M . Wtb and/or MRT. 

13. A pharmaceutical composition In particulate form comprising tacrolimus or an 
10 analogue thereof together with one or more pharmaceutical^ acceptable exclpient 

wherein the composition upon oral administration to a mammal In need thereof releases 
tacrolimus or an analogue thereof In a controlled manner and reduces side effects like: 
nephro- and neurotoxicity, dlarrhe, constipation, abdominal pain, nausea ate compared 
to those of Prograf® administered under tine same conditions and In a dose that provides 
IS an equivalent therapeutic effect 

14. A pharmaceutical composition In particulate form comprising tacrolimus or an 
analogue thereof together with one or more pharmaceutical^ acceptable esselpient, 
wherein the composition upon oral administration to a mammal In need thereof releases 

20 tacrolimus or an analogue thereof In a controlled manner and reduces inter- and/or frrtra- 
irtdlvidual variations compared to those of Prograf® administered under the same 
conditions and In a dose that provides an equivalent therapeutic effect. 

15. A pharmaceutical composition In particulate form comprising tacrolimus or an 
25 analogue thereof together with one or more pharmaceutical^ acceptable exclpient, 

wherein the composition upon oral administration to a mammal in need thereof exhibits a 
plasma concentration of at least about 5 ng/ml such as, e.g_, at least about 7.5 ng/ml or at 
least about 10 ng/ml for a time period of at least about 24 hours. 

30 16. A pharmaceutical composition according to claim 1 5, wherein the difference between 
the peak plasma concentration and plasma concentration measured 24 hours after 
administration Is at the most about 20 ng/rnl such as, e.g., at the most about 10 ng/ml, at 
the most about 7.5 ng/ml or at the most about 5 ng/ml. 

35 17. A pharmaceutical composition in particulate form comprising tacrolimus or an 
analogue thereof together with one or more pharmaceutical^ acceptable exclpient, 
wherein the composition upon oral administration to a mammal In need thereof in a 
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controlled manner releases at least about 50% w/w of the total amount of tacrolimus or an 
analogue thereof within about 24 hours, such as, e.g., within about 22 hours, within about 
20 hours, within about 18 hours, within about 15 hours or within about 12 hours. 

18. A pharmaceutical composition according to claim 17, wherein the composition upon 
oral administration to a mammal in need thereof releases at least about 50% w/w of the 
total amount of tacrolimus or an analogue thereof within about 10 hours such as, e.g., 
within about 8 hours, within about a hours, within about 4 hours or within about 3 hours. 

19. A pharmaceutical composition according to claim 17 or 18, wherein the composition 
upon oral administration to a mammal In need thereof releases at least about 55% w/w 
such as, e.g., about 60% w/w or more, about 65% w/w or more, about 70% w/w or more, 
about 75% w/W or more or about 80% w/W or more of the total amount of tacrolimus or an 
analogue thereof 24 hours, such as, e.g., within about 22 hours, within about 20 hours, 
within about 18 hours, within about 15 hours, within about 12 hours, within about 10 
hours, within 8 hours or within about 6 hours. 



20. A pharmaceutical composition according to claim 17, wherein at least about 50% w/w 
of the total amount of tacrolimus or an analogue thereof is released within about 24 hours 

20 such as, ©,g„ within about 22 hours, within about 20 hours, within about 1 8 hours, within 
about 15 hours or within about 12 hours, when tested In an In vitro dissolution test and 
employing a dissolution medium comprtsing a buffer having pH 7.5. 

21 . A pharmaceutical composition according to any of claims 17-20. wherein at least 

25 about 50% w/w of the total amount of tacrolimus or an analog ue thereof is released within 
about 10 hours such as, e,g M within about 8 hours, within about 6 hours, within about 4 
hours, within about 3 hours, within about 2 hours, within about 1 hour, within about 45 
min, within about 30 min or within about 1 5 min, when tested in an In vitro dissolution test 
and employing a dissolution medium comprising a buffer having pH 7.5. 

30 

22. A pharmaceutical composition according to claim 21, wherein at least about 50% w/w 
of the total amount of tacrolimus or an analogue thereof Is released within about 1 .5 hours 
such as. e.g., within about 1 hour, within about 0.75 hours, within about 0.5 hours or within 
about 20 minutes, when tested In an in vitro dissolution test and employing a dissolution 

35 medium comprising a buffer having pH 7.5. 
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23. A pharmaceutical composition according to any of claims 17-22, wherein at least 
about 65% w/w such as. e.g.. about 60% wAv or more, about 65% wAv or more, about 
70% w/w or more, about 75% w/w or more or about 80% wAv or more of the total amount 
of tacrolimus or an analogue thereof is released 24 hours, such as. e.g.. within about 22 
5 hours, within about 20 hours, within about 18 hours, within about 15 hours, within about 
12 hours, within about 10 hours, within 8 hours or within about 6 hours, when tested in an 
In vitro dissolution test and employing a dissolution medium comprising a buffer having pH 
7.5. 

10 24. A pharmaceutical composition according to any of claims 17-22. wherein at least 
about 55% w/w such as. e.g., about 60% w/w or more, about 65% w/w or more, about 
70% w/w or more, about 75% wAv or more or about 80% w/w or more of the total amount 
of tacrolimus or an analogue thereof Is released within about 5 hours such as. e.g.. within 
about 4 hours, within about 3 hours, within about 2 hours, within about 1 hours or within 
about 30 minutes, when tasted In an Ert vitro dissolution test and employing a dissolution 
medium comprising a buffer having pH 7.5. 



IS 



20 



25. A pharmaceutical composition according to any of claims 20-24. wherein the in vitro 
dissolution test is carried out employing USP dissolution test (paddle) and a buffer pH 7.5 
containing 2.5% SDS and 1g/ml_ of pancreatin as dissolution medium. 

26. A pharmaceutical composition according to claim 17, wherein at least about 20% w/w 
such as. e.g„ at least about 25% wAv. at least about 30% wAv, at least about 35% wAv or 
at least about 40% wAv of the total amount of tacrolimus or an analogue thereof is 

25 released within the first 3 hours such as, e.g., within the first 2 hours or within the first hour 
when tested in an in vitro dissolution test and employing a dissolution medium comprising 
a buffer having pH 7.6. 

27. A pharmaceutical composition in particulate form comprising tacrolimus or an 
30 analogue thereof together with one or more pharmaceutical^ acceptable exclplent, 

wherein the composition upon oral administration to a mammal In need thereof has a 
delayed release of tacrolimus or an analogue thereof so that at the most about 1 0% wAv 
such as. e.g„ at the most about 7.5% wAv or at the most about 5% wAv of the total 
amount of tacrolimus or an analogue thereof Is released within the first two hours such as, 
35 e.g., within the first hour after administration. 
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28. A pharmaceutical composition according to dafm 27. wherein at the most about 30% 
w/w such as. e.g., at the most about 25% w/w, at the most about 20% w/w, at the most 
about 15% w/w or at the most about 10% w/w of tacrolimus or an analogue thereof is 
released within 2 hours in an in vitro dissolution test employing a dissolution medium 

5 having a pH of at the most about 5 such as. e.g. at the most about 4.5, at the most about 
4, at the most about 3.5, at the most about 3, at the most about 2 or at the most about 1.5. 

29. A pharmaceutical composition according to claim 27 or 28, wherein at the most about 
1 0% w/w such as, e.g.. at the most about 7.5% w/w, at the most about 5% w/w or at the 

1 0 most about 2.5% w/w of tacrolimus or an analogue thereof is released within 2 hours in an 
In vitro dissolution test employing a dissolution medium having a pH of at the most about 5 
such as p e-g. at the most about 4.5, at the most about 4, at the most about 3.5, at the most 
about 3, at the most about 2 or at the most about 1.5. 

15 30. A pharmaceutical composition according to any of claims 27-29, wherein at the most 
about 60% w/w such as, e.g„ at the most about 50% w/w, at the most about 40% w/w or 
at the most about 30% w/w of tacrolimus or an analogue mereof is released within 1 5 
hours such as. ®.g., within about 12 hours, when tested In an in vitro dissolution test 
employing a dissolution medium having a pH of at the most about 4.5 such as, e.g. at the 

20 most about 4.0, at the most about 3.5, at the most about 3, at the most about 2 or at the 
most about 1.5. 

31. A pharmaceutical composition according to any of claims 27-30, wherein at the most 
about 40% w/w such as, e.g., at the most about 30% w/w, at the most about 25% w/w or 
25 at the most about 20% w/w of tacrolimus or an analogue thereof is released within 6 hours 
when tested in an in vitro dissolution test employing a dissolution medium having a pH of 
at the most about 4.5 such as. e.g. at the most about 4.0, at the most about 3.5, at the 
most about 3, at the most about 2 or at the most about 1 .5. 

30 32. A pharmaceutical composition according to any of claims 27-31 , wherein at the most 
about 30% w/w such as, e.g., at the most about 25% w/w, at the most about 20% w/w or 
at the most about 15% w/w of tacrolimus or an analogue thereof is released within 4 hours 
when tested In an In vitro dissolution test employing a dissolution medium having a pH of 
at the most about 4.5 such as, e.g, at the most about 4.0, at the most about 3.5. at the 

35 most about 3 a at the most about 2 or at the most about 1.6. 
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33. A pharmaceutical composition according to any of the preceding claims, wherein the 
particulate material has a geometric weight mean diameter of &0pm such as. e.g. & 
20 pm, from about 20 to about 2000, from about 30 to about 2000. from about 50 to about 
2000, from about 60 to about 2000, from about 75 to about 2000 such as, e.g. from about 
5 100 to about 1500 //m, from about 100 to about 1000 //m or from about 100 to about 700 
pm, or at the most about 400 //m or at the most 300 pm such as, e.g., from about 60 to 
about 400 pm such as, e.g.. from about 50 to about 350 pm, from about 50 to about 300 
pm, from about 50 to about 250 pm or from about 1 00 to about 300 pm. 

10 34. A pharmaceutical composition according to any of the preceding claims, wherein the 
one or more pharmaceuticaHy acceptable excipient is selected from the group consisting 
of fillers, disintegrants, binders, diluents, lubricants and glidants. 

35. A pharmaceutical composition according to any of the preceding claims further 
15 comprising an pharmaoeuticaily acceptable additive selected from the group consisting of 
flavoring agents, coloring agents, taste-masking agents, pH-adJustlng agents, buffering 
agents, preservatives, stabilizing agents, antwwddants, wetting agents. humldltynadjusting 
agents, surfaoa-acHv© agents, suspending agents, absorption enhancing agents. 

20 36. A pharmaceutical composition according to any of the preceding claims wherein at 
least one of the one or more pharmaceutical^ acceptable excipient is selected from the 
group consisting of silica acid or a derivative or salt thereof including silicates, silicon 
dioxide and polymers thereof; magnesium alumlnosilicate and/or magnesium 
alumlnometsslficate, bentonite, kaolin, magnesium trfsflcate, montmorillonite and/or 

25 saponite. 

37. a pharmaceutical composition according to any of the preceding dalms comprising a 
silica add or a derivative or salt thereof. 

30 38. A pharmaceutical composition any of the preceding claims comprising silicon dioxide 
or a polymer thereof. 

39. A pharmaceutical composition according to any of the preceding dalms comprising a 
silicon dioxide product that has properties corresponding to. Aeroperl® 300, (available 
35 from Degussa, Frankfurt, Germany). 
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40. A pharmaceutical composition according to any of the preceding claims comprising an 
oii or an oily-like material 

41 . A pharmaceutical composition according to claim 40, wherein the concentration of the 
5 oil or oily-like material tn the composition Is about 5% w/W or more such as, e.g.. about 

10% w/w or more, about 15% w/w or more, about 20% w/w or more, about 25% w/w or 
more, about 30% w/w or more, about 35% w/w or more, about 40% w/w or more, about 
45% w/W or more, about 50 w/w or more, about 55% w/w or more, about 80% w/w or 
more, about 65% w/w or more, about 70% w/W or more, about 75% w/w or more, about 
1 0 60% w/w or more, about 85% w/W or more, about 90% w/w or more or about 95% w/w or 
more. 

42. A pharmaceutical composition according to claim 41 , wherein the concentration of the 
oil or olly-llke material is in a range from about 20% to about 80% w/W such as, e.g., from 

15 about 25% to about 75% w/W. 



Ska! den aendres? 

43. A pharmaceutical composition according to any of the preceding claims, wherein at 
least a part of tacrolimus or an analogue thereof, is present in the form of a solid 

20 dispersion Including a molecular dispersion and a solid solution. 

44. A pharmaceutical composition according to claim 42, wherein the solid dispersion Is 
manufactured by dissolving or at least dissolving part of the tacrolimus or an analogue 
thereof in an organic solvent containing a material suitable for forming solid dispersions 

25 and subsequent removing the organic solvent e.g. by evaporation. 

45. A pharmaceutical composition according to claim 44, wherein the material suitable for 
forming solid dispersions Is selected from the group consisting of cellulose derivatives 
Including hydroxypropytmethyloeilulose, NaCMC, PVP and PVA. 

30 

48. A pharmaceutical composition according to any of tho preceding claims having an 
acceptable flowability as determined according to the method described In Ph.Eur. 
measuring the flow rate of the material out of a funnel with a nozzle diameter of 10.0 mm. 

35 47. A pharmaceutical composition according to any of the preceding claims for use in the 
manufacture of granules, pellets, microspheres, nanopartides. 
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48. A pharmaceutfcal composition according to any of the preceding claims for use In the 
manufacture of a solid dosage form. 

49. A pharmaceutical composition according to claim 48. wherein the solid dosage form Is 
5 Intended for administration via the oral, buccal or sublingual administration route. 

50. A pharmaceutical composition according to claim 48 or 49 In the form of tablets, 
capsules or sachets. 

10 51. A pharmaceutical composition according to any of the preceding claims for use In the 
manufacture of tablets obtained by direct compression. 



52. A solid dosage form comprising a pharmaceutical composition according to any of 
claims 1-51 , 



15 



53. A solid dosage form according to claim 52 % wherein the concentration of the 
Pharmaceutical composition In particulate form Is in a range of from about 5% to 100% 
w/w such as, e.g.. from about 10% to about 80% w/w. from about 15% to about 85% w/_ 
from about 20% to about 80% wA#, from about 25% to about 80% w/w. from about 30% to 

20 about 80% wAv. from about 35% to about 80% w/w. from about 40% to about 75% w/to, 
from about 45% to about 75% w/w or from about 60% to about 70% w/w of the dosage 
form. 

54. A solid dosage form according to claim 52, wherein the concentration of the 

25 pharmaceutical composition in particulate form is 50% w/w or more of the dosage form. 

56. A solid dosage form according to any of claims 52-64. wherein the solid dosage form 
upon oral administration to a mammal In need thereof exhibits an AUC/AUCpn^ value of 
at least about 1.3, the AUC values being determined under similar conditions 

30 

56. A solid dosage form according to claim 55. wherein the AUC/AUCWu® value Is at 
least about 1.5 such as about 1.75 or more, about 1.8 or more, about 1 .9 or more, about 
2.0 or more, about 2.5 or more, about 2.75 or more, about 3.0 or more, about 3.25 or 
more, about 3.5 or more, about 3.75 or more, about 4.0 or more, about 4.25 or mora, 
35 about 4.5 or more, about 4.75 or more or about 5.0 or more, the AUC values being 
determined under similar conditions. 
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57. A solid dosage form in particulate form comprising tacrolimus together with one or 
more pharmaceutical^ acceptable exdpient, wherein the composition upon oral 
administration to a mammal In need thereof release tacrolimus In a controlled manner and 
exhibits a that Is at the most about 80% of that of for Program tablets such as, 
5 e.g., at the most about 75%. at the most about 70%, at the most about 65%, at the most 
ebout 60%, at the most about 55%, at the most about 50%, at the most about 45% or at 
the most about 40%. 



58. A solid dosage form comprising tacrolimus together wfth one or more pharmaceutical 
acceptable excipient, wherein the composition upon oral administration to a mammal in 
need thereof release tacrolimus In a controlled manner and for a dose of 5 mg tacrolimus 
exhibits a that fe at the most about 30 ng/ml such as, e.g. at the most about 25 ng/ml 
or at the most about 20 ng/ml. 



15 59. A solid dosage form comprising tacrolimus together with one or more pharmaceutical!/ 
acceptable excipient wherein the composition upon oral administration to a mammal In 
need thereof release tacrolimus or a derivative or analogue thereof In a controlled manner 
and exhibits a Wso that is about 2 hours or more such as, e.g., about 3 hours or more, 
about 4 houre or more, about 5 hours or more, about 6 hours or more, ateoui 7 hours or 

20 more, about 8 hours or more, about 9 hour or more, about 1 0 hours or more, about 1 1 
hours or more, ebout 12 hours or more, about 13 hours or about 14 hours or more. 

60. A solid dosage form comprising tacrolimus together with one or more pharmaceutical^ 
acceptable excipient. wherein the composition upon oral administration to a mammal in 
25 need thereof release tacrolimus in a controlled manner and exhibits a Qw of 90 or less 
such as, a.g., about 85 or less, about 80 or less, about 75 or less, about 70 or less, about 
65 or less, about 60 or less, about 55 or less, about 50 or less, about 45 or less or about 
40 or less, when CW* [C™ - c (t=l2 hours)] and C dm for Prograf © tablets Is set to 100. 

30 61. A solfd dosage form comprising tacrolimus together with one or more pharmaceutical 
acceptable excipient, wherein the composition upon oral administration of a composition 
containing 5 mg of tacrolimus to a mammal In need thereof release tacrolimus in a 
controlled manner and exhibits a Cm of about 15 ng/ml or less such as, e.g., about 13 
ng/ml or less or about 10 ng/ml or lass. 

35 

62, A solid dosage form according to any of claims 52-61, wherein the solid dosage form 
releases tacrolimus or an analogue thereof In a controlled manner and does not exhibit a 
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significant adverse food effect as evidenced by a value of (AUCtoj/AUCtested) of at least 
about 0.86 wfth a lower 90% confidence limit of at least 0.76. 

63. A solid dosage form according to claim 62. wherein the value of (AUCWAUCimw) Is 
5 about 0.9 or more such as, e.g., about 0.93 or mora, about 0.97 or more or about 1 or 

more. 

64. A solid dosage form according to any of claims 52-63, wherein the solid dosage form 
upon oral administration to a mammal In need thereof releases tacrolimus or an analogue 

10 thereof In a controlled manner and the solid dosage form being essentially bloequlvalent 
with Programs) or a similar commercially available tacroflmus-contalning product when 
administered in a dose that Is at the most about 85% wM of the dose of Tacrolimus 
administered In the form of Prograf© or a similar commercially available Tacrolimus 
containing product 

15 

65 A solid dosage form according to claim 64, wherein the dose is at the most about 80% 
w/W such as, e.g., at the most about 76%. at the most about 70% w/w, at the most about 
65% w/to, at the most about 60% w/w, at the most about 55% w/w or at the most about 
50% w/w of the dose of tacrolimus administered In the form of Prcgraf© or a similar 
20 commercially available tacroflmus-contalning product. 

66. A solid dosage form according to claim 64 or 65, wherein the bloequfvalence is 
determined by means of at least one of the foHowing parameters: tma* cw*. AUCw. AUCa. 
WW*. W50, W75 and/or MRT. 

25 

67 . A solid dosage form comprising tacrolimus or an analogue thereof together with one or 
more pharmaceutlcally acceptable exciplent, wherein the solid dosage form upon oral 
administration to a mammal fn need thereof releases tacrolimus or an analogue thereof In 
a controlled manner and reduces side effects like: nephro- and neuro-toxicfty, dlarrhe, 

30 constipation, abdominal pain, nausea etc compared to those of Prograf® administered 
under the same conditions and In a dose that provides an equivalent therapeutic effect 

68. A solid dosage form comprising tacrolimus or an analogue thereof together with one or 
more pharmaceutlcally acceptable exciplent, wherein the solid dosage form upon oral 

35 administration to a mammal in need thereof releases tacrolimus or an analogue thereof in 
a controlled manner and reduces inter- and/or intra-indlvfdual variations compared to 
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those of Prograf® administered under the same conditions and In a dose that provides an 
equivalent therapeutic effect, 

69. A solid dosage form comprising tacrolimus or an analogue thereof together with one or 
5 more pharmaceuticalry acceptable exdplent. wherein the composition upon oral 

administration to a mammal In need thereof exhibits a plasma concentration of at least 
about 6 ng/ml such as, e.g., at least about 7.5 ng/mJ or at least about 10 ng/ml for a time 
period of at least about 24 hours. 

10 70. A solid dosage form according to claim 69, wherein the difference between the peak 
plasma concentration and plasma concentration measured 24 hours after administration Is 
at the most about 20 ng/ml such as, e.g„ at the most about 10 ng/ml, at the most about 
7.5 ng/ml or at the most about 5 ng/ml. 

15 71. A solid dosage form according to any of claims 52-70, wherein me solid dosage form 
upon oral administration to a mammal in need thereof releases at least about 50% w/w of 
the total amount of tacrolimus or an analogue thereof 24 hours, such as, e.g. f within about 
22 hours, within about 20 hours, within about 18 hours, within about 15 hours or within 
about 12 hours. 

20 

72. A solid dosage form according to claim 71, wherein the solid dosage form upon oral 
administration to a mammal in need thereof releases at least about 50% w/w of the total 
amount of tacrolimus or an analogue thereof within about 10 hours such as, e.g., within 
about 8 hours, within about 6 hours, within about 4 hours or within about 3 hours. 

25 

73. A solid dosage form according to claim 71 or 72, wherein the solid dosage form upon 
oral administration to a mammal in need thereof releases at least about 55% w/w such as, 
e.g., about 80% w/w or more, about 65% w/w or more, about 70% w/w or more, about 
75% w/w or more or about 80% w/w or more of the total amount of tacrolimus or an 

30 analogue thereof 24 hours, such as, e.g., within about 22 hours, within about 20 hours, 
within about 18 hours, within about 15 hours, within about 12 hours, within about 10 
hours, within 8 hours or within about 6 hours. 

74. A solid dosage form according to claim 71, wherein at least about 50% w/w of the total 
35 amount of tacrolimus or an analogue thereof is released 24 hours, such as, e.g., within 

about 22 hours, within about 20 hours, within about 18 hours, within about 15 hours or 
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within about 12 hours, when tested in an fn vitro dissolution test and employing a 
dissolution medium comprising a buffer having pH 7.5. 

75. A solid dosage form according to any of claims 71-74 r wherein at least about 50% w/W 
5 of the total amount of tacrolimus or an analogue thereof Is released within about 1 0 hours 

such as, e.g., within about 8 hours, within about 6 hours, within about 4 hours, wfthfn 
about 3 hours, within about 2 hours, within about 1 hour, within about 45 m!n, within about 
30 mfn or within about 15 min, when tested In an In vitro dissolution test and employing a 
dissolution medium comprising a buffer having pH 7.5. 

10 

76. A solid dosage form according to claim 75, wherein at least about 50% w/w of the total 
amount of tacrolimus or an analogue thereof is released within about 1.5 hours such as, 
e.g., wfthln about 1 hour, within about 0.75 hours, within about 0.5 hours or within about 
20 minutes, when tested In an In vitro dissolution test and employing a dissolution medium 

1 5 comprising a buffer having pH 7.5. 

77. A solid dosage form according to any of claims 72-76, wherein at least about 55% w/w 
such as, e.g., about 60% w/w or more, about 65% w/w or more, about 70% wAa# or more, 
about 75% w/w or more or about 80% w/w or more of the total amount of tacrolimus or an 

20 analogue thereof Is released within about 15 hours such as, e.g., within about 12 hours, 
within about 10 hours, within 8 hours or within about 6 hours, when tested in an In vitro 
dissolution test and employing a dissolution medium comprising a buffer having pH 7.5. 

78. A solid dosage form according to any of claims 72-77, wherein at least about 55% w/w 
25 such as, e.g., about 60% w/W or more, about 65% w/w or more, about 70% w/W or more, 

about 75% w/w or more or about 80% w/w or more of the total amount of tacrolimus or an 
analogue thereof is released within about 5 hours such as, e.g., within about 4 hours, 
within about 3 hours, within about 2 hours, within about 1 hours or within about 30 
minutes, when tested in an En vitro dissolution test and employing a dissolution medium 
30 comprising a buffer having pH 7.5. 

79. A solid dosage form according to any of claims 74-78, wherein the In vitro dissolution 
test Is carried out employing USP dissolution test (paddle) and a buffer pH 7.5 containing 
2.5% SDS and 1g/mt of pancreatln as dissolution medium. 

35 

80. A solid dosage form according to claim 71, wherein at least about 20% w/w such as, 
e.g.. at least about 25% w/w. at least about 30% w/w, at least about 35% w/W or at least 
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about 40% wAv of the total amount of tacrolimus or an analogue thereof Is released within 
the first 3 hours such as, e.g., within the first 2 houra or within the first hour when tested In 
an In vitro dissolution test and employing a dissolution medium comprising a buffer having 
PH7.5. 

5 

81. A solid dosage form according to any of claims 52-64. wherein me solid dosage form 
upon oral administration to a mammal In need thereof has a delayed release of tacrolimus 
or an analogue thereof so that at the most about 1 0% w/W such as, e.g.. at the most about 
7.5% w/W or at the most about 5% w/w of the total amount of tacrolimus or an analogue 
10 thereof is released within the first two hours such as, e.g., within the first hour after 
administration. 



82. A solid dosage form according to daim 81 , wherein at the most about 30% wAw such 
as, e.g., at the most about 25% w/w, at the most about 20% wA/v, at the most about 15% 
15 w/W or at the most about 10% w/w of tacrolimus or an analogue thereof is released within 
2 hours In an in vitro dissolution test employing a dissolution medfum having a pH of at the 
most about 5 such as, e.g. at the most about 4.5. at the most about 4. at the most about 
3.5, at the most about 3, at th@ most about 2 or at the most about 1,5. 

20 83. A solid dosage form according to crfaim 8.1 or 82, wherein at the most about 1 0% w/w 
such as, e.g„ at the most about 7.5% w/w, at the most about 5% wAv or at the most about 
2,5% w/w of tacrolimus or an analogue thereof Is released within 2 hours in an In vitro 
dissolution test employing a dissolution medium having a pH of at the most about 5 such 
as, e.g. at the most about 4.5. at the most about 4, at the most about 3.5, at the most 

25 about 3, at the most about 2 or at the most about 1 .5. 



84, A solid dosage form according to any of claims 81 -83, wherein at the most about 60% 
w/w such as, e.g., at the most about 50% w/w, at the most about 40% w/w or at the most 
about 30% w/w of tacrolimus or an analogue thereof Is released within 15 houra such as. 
30 - e.g., within about 12 hours, when tested in an In vitro dissolution test empfoying a 

dissolution medium having a pH of at the most about 4.5 such as, e.g. at the most about 
4.0, at the most about 3.5, at the most about 3, at the most about 2 or at the most about 
1.5. 

35 85. A solid dosage form according to any of claims 81-84, wherein at the most about 40% 
w/w such as, e.g., at the most about 30% w/W, at the most about 25% w/w or at the most 
about 20% w/w of tacrolimus or an analogue thereof Is released within 6 houra when 
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tested in an fn vitro dissolution test employing a dissolution medium having a pH of at the 
most about 4.6 such as, e.g. at the most about 4.0. at the most about 3.5. at the most 
about 3. at the most about 2 or at the most about 1 .5. 

5 89. A solid dosage form according to any of claims 61 -65. wherein at the most about 30% 
w/w such as, e.g., at the most about 25% w/w, at the most about 20% wAv or at the most 
about 15% w/w of tacrolimus or an analogue thereof is released within 4 hours when 
tested in an In vitro dissolution test employing a dissolution medium having a pH of at the 
most about 4.5 such as, e.g. at the most about 4.0, at the most about 3.5. at the most 
1 0 about 3, at the most about 2 or at the most about 1 .5. 

67. A solid dosage form according to any of claims 62-66 comprising a multiplicity of 
individual units such as, e.g., pellets, beads and/or granules. 

15 88. A solid dosage form according to any of claims 52-67 In the form of tablets, capsules 
or sachets. 

69. A solid dosage form according to claim 88 in the form of a tablet. 

20 90. A solid dosage form according to any of claims 87-89. wherein the individual units or 
solid dosage form are coated with a coating selected from the group consisting of film 
coatings, modified release coatings, enteric coatings, protective coatings and anti- 
adhesive coatings for the purpose of releasing tacrolimus in a controlled manner. 

25 91 . A solid dosage form according to any of claims 52-90, wherein the amount of 

tacrolimus or an analogue thereof contained therein corresponds to a dally dose thereof. 

92. A solid dosage form according to any of claims 52-91 , wherein tacrolimus is 
embedded in a matrix that releases tacrolimus by diffusion. 

30 

93. A solid dosage form according to claim 92, wherein the matrix remains substantially 
intact during the period of drug release. 

94. A solid dosage form according to any of claims 52-92, wherein tacrolimus is 

« 

35 embedded In a matrix that release tacrolimus by eroding. 
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05. A solid dosage form according to any of claims 52-91 , wherein tacrolimus is released 
from the dosage form by diffusion through a substantially water-insoluble coating. 

98. A solid dosage form according to any of claims 52-91 In the form of a porydepot 
5 dosage form, which - upon administration - disintegrates Into a multiplicity of Individual 
units from which tacrolimus Is released. 



21/01 2004 ONS 14:46 FAX +43 33970071 ALB I HNS A/S 



0067/^0 




Fig. 1 
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Fig. 2 
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